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THE ORIGIN OF GYMNOSPERMS AND THE SEED 


HABIT." 

JouN M. COULTER: 

| INTRODUCTORY. 

i} THE most difficult as well as the most fascinating problem in 


connection with any group is its phylogeny. The data upon 
which we base opinions concerning phylogeny are never suff- 
cient, but such opinions usually stimulate research and are nec- 
essary to progress. Any statement dealing with this problem 
is merely an expression of our knowledge of comparative mor- 
phology, and of our judgment concerning the phylogenetic 
importance of certain structures. 

To my mind, the most conspicuous error in many schemes 
of phylogeny is the tendency to focus attention upon very few 
structures. It may be that the structures selected are the most 





significant, but the organism is a plexus of structures, and must 
be considered in its totality. Very different structures have 
been laid hold of by the processes of evolution, and it may not 


be possible to relate the resulting forms properly upon the basis 


of any one or two structures. A conspicuous example is fur- 
nished by the liverworts, in which one line gave special atten- 
tion to the structure of its gametophyte body, another to the 


™ Address of the retiring President of the Botanical Society of America, delivered 
at Boston, August 19, 1897. 
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form of its gametophyte body, a third to the structure of its 
sporophyte body. Any attempt to relate these to one another 
upon the basis of a single structure, even so important a one as 
the sporogonium, is essentially misleading. But when we con- 
sider the totality of structure, we are led to the opinion that 
these lines possibly diverged from an archetypal plexus in which 
there were gametophyte bodies as simple as that of Aneura, and 
sporophyte bodies as simple as that of Riccia. Another illus- 
tration is the recent attempt of Arnoldi to associate Isoetes with 
Selaginella largely upon the basis of endosperm development, 
without regard to great diversities in habit and anatomical 
details. The association may be perfectly proper, but the 
reason given for it is inadequate. 

In dealing with problems of phylogeny it is also important 
to remember that the origin of a prominent group of living 
forms from another group of living forms is extremely improb- 
able. We can point out resemblances in structures which we 
have come to regard as essential, but this is not likely to mean 
the origin of the one group from the other. It may mean that 
the two groups can be traced to one, probably now extinct, 
which combined the characters now differentiated. Most living 
groups are best regarded as divergent rather than consecutive 
series. 

But even this apparently sure ground has become very 
uncertain from the fact, becoming more and more apparent, that 
similar changes in structure, even very important ones, may have 
appeared independently in different lines. The response of 
organisms in structure to their environment is deeper seated 
than we were once inclined to believe, and testimony from the 
similarity of certain structures, when contradicted by the major- 
ity of other structures, argues feebly for recent community of 
origin. Such similarities in structure argue more for physiolog- 
ical conditions than for phylogeny. For instance, from the 
standpoint of evolution, the appearance of heterospory among 
the pteridophytes is one of the most important contributions to 


ylant progress made by the group, but it is impossible to escape 
| 8 : 8 | | 
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the conclusion that heterospory was attained independently by 
several lines. To put into the same genetic group all hetero- 
sporous pteridophytes would be regarded as a morphological 
absurdity. If heterospory appeared independently in several 
lines, the same conclusion must be reached in reference to its 
natural outcome, the seed, and the polyphyletic crigin of the 
spermatophytes becomes extremely probable. 

This increases the perplexities of phylogeny, but it broadens 
its horizon, and introduces another possibility. ‘To continue the 
same illustration, in our search for the origin of seed-plants we 
have narrowed attention to the existing heterosporous pterido- 
phytes, when some of the spermatophyte groups, as for example 
the gymnosperms, may represent an entirely distinct line in 
which heterospory and then the seed appeared, and may not be 
related directly to any existing heterosporous pteridophyte. In 
such a case we are permitted to look to some group of living 
homosporous pteridophytes as possibly containing the best liv- 
ing representatives of the group from which gymnosperms have 
been derived. 

With all these possibilities in mind, I wish to discuss the 
phylogeny of the gymnosperms, not so much to reach a clear 
phylogeny, as a clearer understanding of the complexity of the 
problem, and the uncertainty of conclusions. This is a field in 


which no one can afford to be dogmatic. 


THE ORIGIN OF GYMNOSPERMS. 

From Hofmeister’s classic researches to the discovery of 
gymnosperm spermatozoids by Hirase, Ikeno, and Webber, the 
fact has become increasingly apparent that gymnosperms are 
very closely related to pteridophytes. It was natural, for a 
time, to regard gymnosperms as phylogenetically intermediate 
between pteridophytes and angiosperms, for it was not easy to 
believe that such a structure as the seed appeared in more than 
one genetic line; but it is probably not going too far to say 
that there is now no serious opposition to the view that the 


gymnosperm and angiosperm lines are genetically independent. 
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However, such a discussion does not lie within the scope of this 
paper. 

That gymnosperms have been derived from pteridophyte 
stock is hardly open to discussion, at least we must assume that 
this is true, or all attempts at phylogeny are useless. The first 
question which confronts us, therefore, is whether the very 
divergent gymnosperm lines have had a common origin in this 
pteridophyte stock or not. Was there a single group of archaic 
gymnosperms, derived from pteridophytes, which subsequently 
differentiated into distinct lines? The existing gymnosperm 
groups are so very diverse that one of two things seems evident: 
either they differentiated into divergent lines from a common 
gymnosperm stock in very ancient times, or they originated 
independently from the pteridophyte stock. From this discus- 
sion I wish to exclude the Gnetales, as we do not possess suffi- 
cient data concerning their early history, or concerning the 
morphology of the very dissimilar living forms, to justify any 
opinion as to their origin. They are such dissimilar fragments, 
living in such extreme conditions, that their origin is totally 
obscure. In some respects they are more cycad-like than coni- 
fer-like, but in most respects they are so unlike both that a sep- 
arate origin seems possible. It may be even true that the three 
genera belong to groups of independent origin, which is cer- 
tainly the easiest way of disposing of their differences; and 
their common characters of true vessels, the so-called perianth, 
and elongated micropyle, may have been attained independently 
as readily as was heterospory; but the combination of characters 
in common does not seem to justify such a disposition of them, 
and the three genera had better be regarded as of common 
derivation, wonderfully diversified by ancient separation, isola- 
tion, and extreme conditions. 

Approaching the subject from the historical standpoint, the 
great group Cordaites seems to be the first with sufficient data 
to justify consideration. The structure of the vascular bundles, 
especially those of the leaves, is said to suggest those of coni- 


fers, cycads, Isoetes, and Ophioglossum; and the sporophylls 
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are organized into a strobilus, a character common to pterido- 
phytes and gymnosperms. But such characters can be used 
only as cumulative testimony. In such evidences as we have of 
the structure of the male gametophyte, however, we obtain 
some valuable suggestions. Within the mature microspore 
there appears a considerable group of polygonal cells. In liv- 
ing groups of gymnosperms, so far as investigated, there is no 
such structure; and if we look to pteridophytes for suggestion, 
we are constrained to believe that this group of cells is either 
prothallial or sperm mother cells. In either event, it would 
represent a condition of things much nearer pteridophytes than 
is shown by any living seed plant. In view of the discovery of 
spermatozoids in Cycas, Zamia, and Ginkgo, taken in connection 
with the peculiar structure of the male gametophyte just 
described, Iam of the opinion that the Cordaites also devel- 
oped spermatozoids. With either hypothesis as to the nature 
of the cells developed within the microspore of Cordaites, in 
seeking for the pteridophyte origin of the group, we are led 
away from such heterosporous pteridophytes as now exist, for 
in them the male gametophyte is much more reduced than in 
Cordaites, in fact, more reduced than in most living cycads and 
conifers. 

Additional testimony to the same effect is furnished by sec- 
tions of the seeds of Cordaites. In addition to the remarkable 
nucellus beak, which probably has no phylogenetic significance, 
the large pollen chamber is the most conspicuous feature. This 
is sometimes so extraordinarily large that it occupies the whole 
upper portion of the nucellus, and has been observed to contain 
numerous pollen grains. The pollen chamber is a well-known 
Cycad feature, and seems to be associated with the early devel- 
opment of siphonogamy. By means of it, the tubular outgrowth 
from the antheridium wall is reduced to a minimum, and may 
coexist with spermatozoid development, as shown by Hirase, 
Ikeno, and Webber. 

The testimony all indicates that in Cordaites we have the 
beginnings of a siphonogamic line, brought about by the reten- 
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tion of the megaspore, which still develops its exine in Cor- 
daites and some cycads. 

As to the pteridophyte group from which the Cordaites were 
derived, data are not sufficient to make opinion other than a 
pure hypothesis. I think it is clear that such heterosporous 
pteridophytes as are living today must be set aside in this 
search, by the testimony of both of their gametophytes, espe- 
cially the male. They stand for lines which have very much 
reduced the male gametophyte, have variously modified the 
female gametophyte, but have not developed siphonogamy by 
retaining the megaspore. It may be that the lycopod forms of 
the Carboniferous and earlier formations represent the pterido- 
phyte plexus from which Cordaites were derived, but we know 
too little of their morphology to make any assertion. My judg- 
ment is that the Cordaites represent an independent hetero- 
sporous line, and that if they were associated in origin with the 
lycopod forms at all, it was before the latter had developed 
heterospory, which seems never to have been extensively devel- 
oped in the lycopod line until recent times. 

I believe that we must regard either the ancient homosporous 
lycopod forms or the abundant Palzozoic Marattia forms as 
responsible for the origin of Cordaites, and my own inclination 
is toward their Marattia origin, perhaps for no better reason than 
that in such an origin I see more opportunity for the develop- 
ment of such a group as cycads; but such a view is further sup- 
ported by the discovery that the spermatozoids of cycads, and 
their ally, the ginkgo, are of the multiciliate type, and not bicil- 
iate, as in living lycopod forms. Just what stress should be 
laid upon this I do not know, but when opinion is fairly balanced 
it would seem to help to a decision. It seems satisfactory, 
therefore, to regard the origin of cycads as from the homospor- 
ous-eusporangiate plexus of Filicales, represented today most 
abundantly by Marattia and its allies. It would seem further 
that this has been brought about without the intervention of 
such Cordaites as we recognize, which, with probably similar 


origin, were developing a very different type of body, that 
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finds its modern expression in the conifers. In the acknowledged 
Cordaites, therefore, I recognize a transition region between the 
homosporous-eusporangiate plexus of Filicales and the more 
modern conifer series; while in the cycads we have a line which 
continued more of the fern habit and structure, recognizable not 
merely in its foliage leaves and general port, but in its occasional 
vascular bundles of concentric type, and its multiciliate sperma- 
tozoids. The Cordaites, however, must have included forms that 
we have not recognized as such, for it is only when they become 
differentiated from the fern habit that in the main we are able 
to distinguish them. This very fact of their sharp differentiation 
means that they had made a decided departure, and we are prob- 
ably able to recognize only the most highly specialized forms. Of 
course, in what I have said |] may have been using the name 
Cordaites ina much more inclusive sense than taxonomy would 
justify. As ordinarily defined I would see in them the first dis- 
tinct beginnings of a type which afterwards gave rise to the 
conifers; as used in this paper, they refer to a plexus of forms 
derived from the homosporous-eusporangiate Filicales which gave 
rise to both cycads and conifers as divergent lines, one retaining 
more nearly the fern habit and structure and culminating earlier, 
the other departing more widely from the habit and structure 
and culminating later. I believe that some Palazozoic forms 
now regarded as ferns will be found to be more closely related 
to the Cordaites. How many other lines arose from this large 
Cordaites plexus, as I have defined it, we have no means of 
knowing, but it seems to be responsible at least for all of the 
living gymnosperm forms. 

It is important to obtain such historical evidence as we can 
in reference to the gymnosperm lines, restricted in this paper 
to the Cordaites, conifers, and cycads. If a historical sequence 
can be established which conforms to the views expressed here 
as to the interrelationship of these lines, the conclusion will 
have additional support. I need not apologize for the paucity 
of data furnished by paleobotanists. They have done what they 


could, and we are greatly in their debt. Morphologists recog- 
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nize, however, that the structures usually preserved are not the 
most convincing as to relationships, and that nowhere are appear- 
ances more deceitful. While we have no sympathy with wild 
generalizations based upon fragmentary material, there is an 
increasing accumulation of data which furnish a_ substantial 
foundation for some conclusions. It seems to be clear that dur- 
ing the Paleozoic there was an increasing display of gymno- 
sperms. The fragments which bear this testimony became very 
abundant in the later periods of the Palaeozoic, and are regarded, 
for the most part, as Cordaites. Associated with these forms is 
the great display of Marattia and its allies. A distinct type of 
leaf and of stem is attributed to each of these great groups, 
and when seeds or sporangia are associated with them the case 
seems clear enough, but apart from such association the uncer- 
tainty is profound. Intergrading forms between the two are to 
be expected, but with material so fragmentary and non-commit- 
tal it would be a rare chance that would lead to its definite 
demonstration. In the Coal Measures the cycad type becomes 
apparent, but not prominent. This would seem to indicate either 
an early differentiation from the Cordaites plexus, or a late dif- 
ferentiation from the Marattia plexus. I see no difficulty in the 
former view, as I see no advantage in multiplying the independ- 
ent heterosporous and seed lines until forced to do so by incon- 
trovertible evidence. The domination of cycads during the 
Mesozoic, and their subsequent decline are well-known facts. 
More suggestive, however, is the history of the conifers. It 
is generally stated that this line, in its modern expression, began 
during the Paleozoic, and that our modern genera have been 
recognized by stem and leaf anatomy. Such methods of deter- 
mination we know to be untrustworthy, as there is the greatest 
possible amount of anatomical diversity even in contiguous 
regions of the same organ, much more in different organs and 
at different ages. In examining the claim that modern conif- 
erous genera appeared during the Coal Measures, I find no evi- 
dence that seems to be worthy of serious consideration except- 
ing that with reference to Ginkgo, and it is an interesting 
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fact that Ginkgo is no longer regarded as a conifer. Long 
before the evidence of spermatozoids was discovered it seemed 
perfectly clear to me that Ginkgo was more cycad-like than 
conifer-like. In the light of our present knowledge the appear- 
ance of Ginkgo in association with the Carboniferous cycads 
seems natural enough. It is a matter of very secondary impor- 
tance whether we are to regard it as an independent line or not. 
I am inclined to believe that while during the Palzozoic hetero- 
spory and the seed were both attained, siphonogamy was in 
its beginnings, and that the spermatozoid habit was for the 
most part still continued in the seed lines. There is no conclu- 
sive evidence, therefore, that any of our modern coniferous 
genera appeared during the Paleozoic, during which the Cor- 
daites were the dominating seed plants. During the last Palzo- 
zoic periods undoubted conifers did appear, and in considerable 
abundance, and we may recognize the beginnings of distinct 
lines represented today by Abies and its allies, Taxodium and 
its allies, and Taxus and its allies, but the genera are not those 
of today. In the lower Mesozoic, however, modern araucarian 
and abietinous genera appear; and the Taxodium and Taxus 
lines become more distinct, but not modern until the later Meso- 
zoic. At that time Cupressus forms also appear, but not of 
modern genera. Further details are not necessary, as the point to 
be made is that the conifer type was not recognizable until late in 
the Palzozoic, and then not in its modern expression. It cer- 
tainly suggests a later departure from the Cordaites stock than 
do the cycads. 

Another fact is interesting to note in connection with the 
evolution of the conifer forms. In existing conifers there is 
considerable variation in the development of the male gameto- 
phyte. In some forms, as the Abietinea, the development of 
two or three prothallial cells, distinct from the large antheridial 
cell, is a well-known fact, an amount of prothallial develop- 
ment not shown by any other living heterosporous forms, even 
the heterosporous pteridophytes. In other forms, as Cupres- 


sinee and Taxezx, the reduction of the male gametophyte is 
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greater, no sterile prothallial cells appearing, the whole struc- 
ture being an antheridium, as in the angiosperms. Our historical 
evidence accords with this progressive reduction of the male 
gametophyte, the Taxus and Cupressus lines having attained 
modern expression after the Abies line ; and back of the Abies line 
we find the Cordaites, with probably a still greater development of 
the sterile region of the male gametophyte indicated. To derive 
the Cordaites or Abies lines, with their two or three to many- 
celled sterile tissue of the male gametophyte, from such hetero- 
sporous lycopod forms as we know today, with their constantly 
more reduced male gametophytes, is not within the bounds of 
probability. Besides, the reduction of the male gametophyte 
seems to be so prompt a response to heterospory, that its par- 
tially reduced condition in certain conifers, and probably in Cor- 
daites, would seem to argue for their near derivation from some 
homosporous type. 

The development of a suspensor in the lycopod forms has 
also suggested a genetic connection with gymnosperms, in which 
the suspensor development is so conspicuous. This organ, how- 
ever, seems to have no morphological constancy. In gymno- 
sperms it may be developed from a plate of cells formed in the 
oospore, as in most conifers; or from a mass of cells formed 
basally or parietally in the oospore, as in cycads; or from free 
cells formed within the oospore, as in Ephedra; or from the 
elongation of the oospore itself, as in Gnetum; or from the 
downward elongation of the archegonium, as in Welwitschia. 
The suspensor, therefore, seems to be a temporary organ of 
the embryo, of various morphological origin, intended to relate 
the embryo properly to its food supply, and not of phylo- 
genetic significance. 

The testimony of history and morphology seem to combine 
in pointing to avery generalized Paleozoic type as the origin of 
gymnosperms. This type is characterized by its advancement 
towards seed production rather than by its habit, which must 


have been extremely varied to have given rise to such types as 


cycads and conifers. The usually recognized Cordaites show 
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but one tendency of a much more extensive group, for which the 
name Cordaites may be extended for convenience. Cordaites in 
this larger sense occur in such association with groups of homo- 
sporous eusporangiate Filicales, and approach them so much 
nearer in the important morphological structures mentioned than 
they do living heterosporous Filicales, that an independent 
heterosporous line is suggested. If such be the case, in the 
passage from the Marattia forms to the Cordaites form both 
heterospory and the retention of the megaspore were attained, 


and probably siphonogamy begun. 


THE SEED HABIT. 

The evolution of heterospory seems simple enough. The 
physiological differentiation of the spores was complete when 
prothallia became persistently dicecious. This division of labor 
is to be expected in the case of two such distinct functions as 
the production of antheridia and archegonia. A prothallium 
producing both sex organs equally well may be regarded as in 
a state of equilibrium, an equilibrium which is disturbed by any 
conditions which favor the production of one sex organ rather 
than the other, in this case probably nutritive conditions. This 
disturbance of the equilibrium of a bisexual prothallium would 
certainly find an expression first in a dicecious tendency, and 
finally in a dicecious habit. With the habit once fixed the mor- 
phological differentiation of spores becomes inevitable, since the 
nutritive requirements of the two prothallia are so different. 
The evolution of heterospory seems to be one of the simplest 
of selective processes, with inequalities of nutrition to furnish 
the variations. From this point of view it would seem natural 
to expect that it may have been derived frequently from homo- 
spory. 

The retention of the megaspore, however, does not seem tobe 
so simple a problem. Ina certain sense it is correlated with the 
reduction of the gametophyte, since retention would not seem 
practicable until reduction had proceeded far enough to make 


the gametophyte endosporic. Even greater reduction, however, 
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is attained by the male gametophyte, but the spore is shed. It 
should be noted that even in the case of the microspore the male 
gametophyte is usually completely organized before pollination; 
but the fact remains that the reduction does not compel reten- 
tion. It has seemed to me that this phenomenon is to be 
explained by Bower’s law of sterilization, developed in reference 
to the strobilus. This law certainly finds expression in the 
megasporangia of heterosporous pteridophytes, in which the 
sterilization of mother cells is conspicuous. This method of 
increasing the nutrition of the fertile cells is too commona 
phenomenon to need illustration; but it is a tendency that would 
seem very consistent with the development of megaspores, 
whose peculiar work holds so definite a relation to abundant 
nutrition. For this very reason high numbers of microspores 
may be continued, anda diminishing number of megaspores 
produced. This would reach its culmination in the production 
of but a single megaspore by a sporangium, and a proportionate 
increase in the size of the megaspore. With the development 
of a single spore imbedded in a sterile tissue, shedding becomes 
not only mechanically difficult, but meaningless, since the neces- 
sity of scattering a brood of gametophytes, to avoid competi- 
tion, has disappeared. It is further true that the development 
of such a spore involves nutritive supplies from numerous 
neighboring cells, and a certain amount of retention becomes 
necessary for this reason. Still further, the advantage to a 
single megaspore in being retained, thus securing more abundant 
outside nutrition during germination, would fix the habit if any 
selective process wereat work. For these various reasons it would 
seem evident that when the sterilization of a megasporangium 
had reached its extreme limit, by organizing a single spore, 
retention is likely to follow sooner or later. If this line of 
reasoning be true, the seed habit might have been developed in 
any heterosporous line. 


With the retention of the megaspore pollination became 
necessary, but its gymnosperm expression differs in no way from 
the scattering of aerial spores in all the lower groups. The new 
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feature demanded by the retention of the megaspore, therefore, 
was not the scattering of the microspores, but the development 
of siphonogamy. That the first retained megaspores were 
exposed to the microspores can hardly be doubted, and in such 
cases we now know that the spermatozoid habit must have been 
retained, and that no tube, or a very small protuberance of the 
antheridium wall, was needed to discharge the spermatozoids 
sufficiently near the oosphere. If chemotropism can explain 
the guidance of a pollen tube through much _ intervening 
tissue, it would certainly be sufficient to cause the protrusion 
of an elastic antheridial wall. In the very few illustrations 
of Cordaites obtained, the megaspore is but slightly covered by 
sterile tissue at the bottom of a deep pollen chamber, and a very 
slight development of tube is necessary. The same condition is 
continued in the cycads, and thus the habit of siphonogamy 
may have been gradually built up. As siphonogamy developed, 
the gradual failure of the sperm mother cells to organize sper- 
matozoids followed, and presently, almost exclusively now in 
gymnosperms, sperm mother cells are found to function directly 
as male gametes, without further organization. 

The secondary results which followed the retention of the 
megaspore were numerous. The well-known effect of fertiliza- 
tion upon adjacent tissues necessarily involved at least the 
sporangium, and the seed resulted. The presence of abundant 
available nutrition and favorable conditions induced the imme- 
diate germination of the oospore, which the development of a 
resistant tissue about the sporangium checked. As a conse- 
quence, the development of the embryo was thrown into two 
stages, the intra-seminal and the extra-seminal. 

In the case of the angiosperms, however, another tendency 
was connected with the retention of the megaspore, namely, the 
tendency of the sporophyll to enclose the megasporangium, a 
tendency so evident in such pteridophytes as Isoetes and Mar- 
silea, that the direct pteridophyte origin of the group seems 
more natural than an origin from so specialized a type as the 


gymnosperms. Given the reduction of spore production to a 
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single megaspore and the persistent enclosure of the sporan- 
gium by the sporophyll, and the angiosperm peculiarities follow. 
The profound effect of these conditions upon the germination of 
the megaspore is so remarkable, and intergrading stages so com- 
pletely unknown, that there seems to be no clue to the sequence 
of changes. That an endosporic gametophyte might eliminate 
the archegonium seems evident, for the tendency is shown 
among gymnosperms by Gnetum, where oospheres are organized 
by free endosperm cells. That the reproductive region of the 
female gametophyte may be organized earlier than the nutritive 
region, when the gametophyte is supplied with outside nourish- 
ment by the retention of the megaspore, is hinted at among the 
heterosporous pteridophytes and gymnosperms. These tend- 
encies have found full expression in the angiosperms, where 
archegonia have disappeared and the reproductive tissue of the 
female gametophyte is persistently organized before the nutritive 
tissue. Evidence as to the details of the evolution of this tend- 
ency is lacking, and may not be in existence, but the tendency 
has certainly reached a remarkably definite expression. The 
unvaried appearance and movement of eight free nuclei or cells, 
and the remarkable fusion of two of them, represent habits so 
fixed through such an enormous group that they baffle explana- 
tion, and argue both for the monophyletic origin of angiosperms, 
and against their derivation from so divergent a line as gymno- 
sperms. 

The earlier evolution of the gymnosperm line is probably to 
be explained by ecological conditions. The body as a rule is 
organized to endure extreme conditions. It is certainly not a 
mesophytic type, and its evolution was certainly not in response 
to prevailing mesophytic conditions. On the contrary, the 
angiosperm type is essentially a mesophytic one, with great foli- 
age display, and probably expanded in response to widely 
prevalent mesophytic conditions. This might explain the habit 
peculiarities of the two groups, but whether the more recondite 
morphological differences hold any relation to these or not is too 


obscure to permit even speculation. 




















THE ORIGIN OF GYMNOSPERMS 


SUMMARY. 

1. A great Cordaites plexus, more extensive than the one 
usually included under that name, represented the characteristic 
Palaeozoic seed plants. 


2. It-was probably derived from homosporous-eusporangiate 
Filicales, represented today most abundantly by the Marattia 
forms and their allies, and was the most common Palzozoic 


type of Filicales. 


3. From it the gymnosperm lines, at least the cycads and 
conifers, were derived, the usually recognized Cordaites repre- 


senting a transition stage towards conifers. 


4. The frequent independent appearance of heterospory is to 
be expected, as it probably results from inequalities of nutri- 
tion in connection with the development of antheridia and 


archegonia. 


5. The retention of the megaspore, resulting in the seed 
habit, follows the extreme sterilization of the megasporangium, 
which is attained with the organization of but one megaspore. 
With the development of a single megaspore imbedded in 
sterile tissue, shedding becomes mechanically difficult, unnec- 
essary, and even disadvantageous from the standpoint of nutri- 
tion. 

6. The retention of the megaspore was followed by the 
development possibly of seed coats, through the well-known 
effect of fertilization upon adjacent tissues ; by immediate germi- 
nation of the oospore, on account of the favorable conditions 
and the abundant supply of available nutrition; and by the 
checking of the developing embryo by the mature seed struc- 
tures, resulting in the characteristic intra-seminal and extra- 
seminal stages of germination. 

7. The first retained megaspores were doubtless directly 
exposed to the microspores, and in Cordaites and cycads a pol- 


len chamber of varying depth and extent is associated with the 
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early stages of siphonogamy, with which spermatozoid habit was 


more or less associated. 


8. The pollination of gymnosperms is but a continuation of 
the ordinary method of dispersing aerial spores employed by 
cryptogams, the chief result of the retention of the megaspore 
upon the male gametophyte being the development of siphonog- 


amy. 


THE UNIVERSITY OF CHICAGO. 














A STUDY OF REGENERATION AS EXHIBITED BY 
MOSSES. 
FRED DE FOREST HEALD. 
(WITH PLATES XIX—XX) 
I. INTRODUCTION. 

TuaT the sexual generation of the bryophytes is endowed 
with a remarkable power of regeneration is a well-known and 
oft-stated fact. The extent to which this is true for the liver- 
worts has been shown by the investigations of Véchting* “Uber 
die Regeneration der Marchantieen” and of Schostakowitsch? 
“Uber die Reproduktion und Regenerationsercheinungen bei den 
Lebermoosen.” As far as the mosses are concerned, the gen- 
eralizations have been based upon scattered and isolated obser- 
vations by Schimper, Goebel, and others, and not upon any 
detailed investigation. The present work has been carried out 
with the intention of showing to what extent these generaliza- 
tions in regard to the vegetative reproduction from stem and 
leaf are true, and also to throw some light on the physiology of 
regeneration. 

Before proceeding with theresults of my own investigations, 
brief mention will be made of some of the observations pre- 
viously recorded. 

II. HISTORICAL. 


The first record of the formation of protonemata by the 
leaves is by Kiitzing3 for Bryum pseudotriquetrum. The leaves 
produced an abundant protonema growth and after a period of 
eight weeks, buds appeared. 

Schimper+ obtained a growth from the basal portion of 

‘Jahrb. f. wiss. Bot. 16 : 367. 1885. 

?Flora, Erganzungsband 1894 : 350-384. 

3Phycologia generalis 282. 1840. 

4Recherches anatomique et morphologique sur les mousses Ig. 1848. 
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detached leaves of Funaria hygrometrica, but no buds were pro- 
duced. He also makes the very broad statement: ‘‘Chaque 
feuille et méme chaque portion de feuille detachée de la plante- 
mere et placée dans les conditions convenables peut produire des 
filaments proembryonnaires, par la multiplication d’une ou de 
pleuiseurs de ses cellules parenchymatuses.” Goebel’ also 
mentions the ability of Funaria leaves to produce protonemata, 
when they are detached and kept moist. Limpricht® states that 
almost every leaf can by proper culture be made to form sec- 
ondary protonemata. Also in the case of plants with brittle 
leaves, as Leucobryum glaucum, Barbula fragilis, Campylopus frag- 
tis, and Barbula ruralis, one can find in nature on the detached 
leaves the beginnings of protonemal filaments. 

It is to be noted that in all of the cases above mentioned, 
regeneration only occurred when the leaves were detached from 
the stem. That this is not necessary in all cases is shown by 
the observations of Goebel? on the leaves of several species. 
In Oncophorus glaucus athick felt of tangled filaments appears on 
the fertile summits of the plants, which prevents their further 
growth and eventually gives rise to patches of young plants. 
The marginal cells of Burbaumia aphylla \eaves are able to pro- 
duce protonemata which will completely envelop the leaf. 
According to Limpricht,’ the apex of the end bud in Leucobryum 
has been known to produce a protonemal growth, and H. Schulze 
has observed a luxuriant growth of protonemata from the leaf 
apices of Hypnum giganteum. 

Mention should be made here of the formation of brood- 
bodies on difterent portions of the leaf, now apex, now costa, in 
various species of Orthotrichum, Ulota, Barbula, Grimmia, 
Syrrhopodon, and Calymperes.2 These brood-bodies are appar- 
ently formed in the younger stages of the leaf and are homol- 

5 Sitz.-Ber. d. mat.-phys. Classed. k. bayr. Akad. d. Wiss. 26: 463. 1896. 

© Laubmoose von Deutschland 1: 64. 

7 Outlines of Classification 173. 1887. 

8 Loc. cit. 


7. LIMPRICHT, Laubmoose 


>GOEBEL, Outlines of Classification 172-173. 
1: 64. 
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ogous with protonemal productions. They become detached 
from the leaf and under proper conditions grow out into proto- 
nema filaments, although in some cases growth may begin before 
detachment. 

The formation of a protonema and the later production of a 
new plant has been observed from the calyptra of Conomitrium 
Julianum, According to Goebel *® the formation was from the 
inner side, and according to Schimper,” from the outer surface. 
Limpricht * has also recorded the production of protonemata 
by the detached calyptrae of Phascum. 

Limpricht’ ascribes to all parts of the moss plant a very 
great power of regeneration since he says: “Alle Teile der Moss- 
pflanze besitzen die Fahigkeit, sekundare Protonema zu erzeu- 
gen,” and specifically in regard to the stem: ‘‘Auch jede Zelle 
der Stengeloberflache ist fahig einen Protonemafaden zu bilden.” 
In a great majority of cases, however, an intervention of rhizoid 
production occurs. The sessile or stalked brood-bodies of Pleu- 
ridium alternifolium originate from the stem. Aryum erythrocarpum™s 
produces axillary brood-bodies, and Webera annotina and W. 
Ludwigtt** produce axillary bulbils which detach themselves 
from the stem and grow without the intervention of any proto- 
nemata. Schulze 's records the production of bulbils by the stem 
of Hypnum aduncum which detach themselves and grow in a 
similar way. The brood-bodies of Aulacomnium and of 7Zetra- 
phis pellucida also originate from the stem. Mention should 
also be made here of the work of Miller-Turgau” on the pro- 
duction of ‘ Zweigvorkeime.” 

Not only the gametophyte, but also various parts of the 
sporophyte are able to produce protonemata. This has been 
observed by Stahl *” from the capsules and setae for Ceratodon pur- 


pureus, and by Pringsheim™ for Hypnum serpens, H. cupressiforme, 


Cp, bike 193 4 Tbid., 7. 
™ LIMPRICHT, Laubmoose 1:65. 5 Bot. Centralblatt 31: 382-384. 1887. 
2 Tbid., 61 and 63. © Arb. d. Bot. Inst. Wiirzb. 1: 475-499. 1874. 


"3 SCHIMPER, Rech. anat. et morph. sur les mousses 19. 1848. 


17 Bot. Zeitung 34: 690. 1876. 8 Jahrb. f. wiss. Bot. 11: 1-46. 
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and Bryum cespiticium, all in artificial cultures, and by Brizi,’? in 
nature for Funaria hygrometrica. According to Brizi, some of 
the setae of Funaria which had come into contact with the earth 


produced an abundant growth of protonemata with numerous 
buds. 


Ill. METHOD. 

In course of the experiments described below three different 
methods were used. The leaves and stems to be used as cultures 
were carefully washed in sterilized water in order to render them 
as free as possible from bacteria and fungi, and then placed 
either in Petri dishes upon several thicknesses of filter paper 
which had been saturated with a nutritive solution, or upon 
pieces of flowerpots placed in crystallizing dishes. In the third 
method the leaves were placed upon soil in either Petri or crys- 
tallizing dishes. The filter paper was carefully sterilized in boil- 
ing water and then placed in the Petri dishes which had been 
previously sterilized in the dry-oven. The pieces of flowerpots 
were first boiled and then sterilized together with the crystalliz- 
ing dishes in the dry-oven. The dishes containing the soil were 
also sterilized in the same way. All of the cultures were sup- 
plied with a 4 pro mille normal nutritive solution, and were 
kept at a temperature varying between 1g—21° C. 


IV. EXPERIMENTAL. 

In course of my investigations the following species were 
used: Mnium rostratum Schwagr.; Funaria hygrometrica Hedw.; 
Bryum capillare Hedw.; Bryum argenteum Linn.; Barbula muralis 
Timm.; <Atrichum undulatum P. Beauv.; Polytrichum commune 
Linn.; Brachythectum rutabulum Bry. Eu. and variety ; Leptobryum 
pyriforme Schimper; Phascum cuspidatum Schreb.; Ceratodon 
purpureus Brid.; Fissidens bryotdes Hedw. 

In addition to these, cultures of Plagiochila asplenoides and 


Lophocolea bidentata were made for comparison with those of 
Schostakowitsch. 


"9 Annuar. Istituto Orto botan. Roma 5 : 53-57. 1892. 
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I. MNIUM ROSTRATUM. 


On account of the size of its leaves and the consequent case 
of manipulation Mnium presents a very favorable specimen for 
experimentation. In its power and manner of regeneration it 
stands alone among all of the species investigated. At first two 
cultures were made for exposure to light; the leaves were carefully 
stripped from the stems and in one case placed with the dorsal 
surface uppermost, in the other with the ventral surface upper- 
most. These cultures were placed upona table in the middle of 
the laboratory. Two similar preparations were made and enclosed 
in a dark chamber. 

After an interval of a week the first appearance of rhizoids 
from the leaves was noted. An examination of the specimens 
grown in the light showed that the rhizoids proceeded almost 
exclusively from the contact surface, and in general from the 
periphery of the leaf, although they were not entirely absent 
from the middle and costal region. An examination of the 
cultures in the dark showed nearly the same manner of growth 
except that a considerably larger number of rhizoids originated 
from the side uppermost, the proportion being about one to ten. 
The rhizoids from the very first, both in light and dark, were 
devoid of chlorophyll and the cell walls were distinctly brown. 
As growth proceeded, those in the light developed an abundance 
of chlorophyll bodies and showed in nearly every case oblique 
cross walls. In the course of two weeks the rhizoids in the light 
had branched considerably, while in the cultures in the dark 
they rarely branched, and the cells were more elongated. At 
the end of three weeks the first appearance of buds was noted ; 
and in cultures in brighter light in the window after a lapse 
of two weeks. The buds originated exclusively from the 
illuminated side and directly from a leaf cell without the inter- 
vention of any protonemata. The buds generally made their 
appearance near the periphery of the leaf, and the cell from 
which the bud originated had previously given rise to a rhizoid 
from the contact side. This is shown in cross sections of the 


leaf in figs. 2 and 3. The mother cell of the bud first produces 
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a protuberance which becomes divided very soon by an oblique 
wall, and the insertion of the successive walls then follows in 
rapid order. Buds may occasionally originate as side branches 
of the rhizoids from either surface, although this is rare in the 
normal development. At the end of six weeks the specimens in 
the dark showed no sign of buds, and the long unbranched 
rhizoids had attained a length of about one centimeter. The 
peculiar method of regeneration shown in these experiments is 
especially noteworthy, since Goebel ” states that the vegetative 
reproduction of mosses has this peculiarity, that the formation 
of a new leafy shoot is always preceded by the production of a 
protonema. 

From the above experiments it is demonstrated that there is 
no inherent tendency to the production of rhizoids or buds from 
a particular side of the leaf; also that buds are not produced in 
darkness, either because the photosyntactic processes cannot 
be active or because light in itself is necessary. The greater 
production of rhizoids from the free side of the leaf in the dark 
would indicate that illumination exercised a retarding influence 
upon their production. The growth of the rhizoids from the 
contact surface of the leaf may be due either to contact or 
gravity, or both. 

In order to determine the part which contact and gravity 
play in the direction of rhizoid growth, the following experi- 
ments were carried out. Leaves were placed on filter paper and 
grown in the dark in an inverted position, and in these cultures 
the same as in the ordinary position, the leaves produced rhizoids 
mostly from the contact surface. In order to render the supply of 
moisture of both surfaces as nearly equal as possible, the leaves 
were grown in a saturated atmosphere. Other leaves grown in 
both light and dark between two sheets of filter paper showed a 
production of rhizoids about equally from both surfaces. Again, 
leaves which were grown in a vertical position produced rhizoids 
radially in all directions. These experiments then show that the 
rhizoids are not influenced as to their point of origin by gravity, 


Outlines of Classification 170. 1887. 
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but rather by contact. Leaves were also grown in soil with 
about the same result except that a greater number of rhizoids 
originated from the surface of the leaf nearest the air. The 
formation of buds upon the leaf in the ordinary manner was 
naturally prevented and when the rhizoids reached the surface of 
the soil and were exposed to light, they gave rise toan abundance 
of protonema-like branches and numerous buds. 

A culture of leaves with long, sparsely branched rhizoids 
which had been grown in the dark was removed to the light and 
allowed to undergo further development. When examined a 
week later the rhizoids had produced in the apical region an 
abundance of branches, part of which were still rhizoidal in 
character. A large number of the branches were, however, dis- 
tinctly protonemal, the cell-walls colorless, the cross walls per- 
pendicular, the cells short and filled with an abundance of oval 
chlorophyll bodies. The rhizoids also contained chlorophyll 
bodies but they were fewer in number and of an elongated len- 
ticular form. An enormous number of buds was also formed, 
and in one of two ways: either as a direct modification of a side 
branch from a rhizoid cell, or as a side branch from one of the 
lateral protonemal branches. This is plainly illustrated in figs. 
6 and 7. Occasionally a bud was formed later near the leaf, but 
the great majority made their appearance towards the distal 
extremity of the rhizoids. 

A question which now presented itself was: Is the continued 
exposure to light necessary to call forth the production of buds? 
In order to determine whether buds would be produced by light 
induction, leaves were grown in bright light for nearly two weeks 
and then carefully examined to see that no buds had_ been 
formed. They were then placed in the dark chamber and after 
-five days the formation of buds was observed. The number was 
much less than from those leaves in the light, and on account of 
a lack of food material only a limited growth occurred. Whether 
this light induction is due to physical or chemical changes in 
substances already present in the leaf, or to the accumulated 


products of photosyntax, cannot be stated with certainty, but 
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the experiment which follows would indicate that the products 
of photosyntax are not necessary to call forth the production of 
a leafy shoot. 

In order to determine whether the products of photosyntax 
as obtained from the use of the free CO, of the atmosphere are 
necessary to call forth bud production, a culture of leaves was 
made in CO,-free air in an apparatus similar to that figured by 
Pfeffer.** At the end of three weeks the leaves showed a very 
abundant production of buds. It has long been known that 
plants are able to use the CO, of respiration as material for 
photosyntax. Since this is so, the above experiment does not 
prove conclusively that light is necessary to effect physical or 
chemical changes in material already present, for on account of 
the size of the Mnium leaf, the CO, produced by destructive 
metabolism would be considerable, and a small amount of car- 
bohydrate food might be formed. Later experiments with other 
species tend to show that it is the accessible supply of plastic 
material upon which the production of buds is dependent, and 
not upon physical or chemical changes in the material already 
at hand. 

Experiments with leaves in colored light by the use of 
double-walled bell-glasses filled with the solutions of potassium 
bichromate and ammoniated copper oxide, showed the produc- 
tion of buds as well in the strongly refrangible rays as in the 
less refrangible. The photosyntax would be greatly suppressed 
in the leaves exposed to the blue end of the spectrum, and thus 
this result points to a chemical or physical change in material 
already at hand. Since Klebs* has pointed out a difference in 
the relation of spore protonemata and leaf protonemata to light 
in a specific case, we might reasonably expect to find a differ- 
ence in the leaf productions from different species. Another 
point which may be noted in the case of the cultures in the rays 
of different refrangibility is that, in both the strongly refrangible 
and less refrangible rays, the leaves produced a much greater 

2 Pflanzenphysiologie 1 : 191. 1881. 


22 Biologisches Centralblatt 13 : 646-648. 1893. 
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number of rhizoids from the surface uppermost. This would 
tend to corroborate the statement already advanced that light 
retards the production of rhizoids, since here each culture was 
only subjected to half the rays of the spectrum. 

In all of the cultures the buds only originated from the illu- 
minated side of the leaf, and the question naturally suggests 
itself: Is this due to illumination or to the negative geotropism 
of the moss shoot? In order to determine this, a series of leaves 
was illuminated from below by a mirror, so that light and gravity 
would be acting in the same direction. After the usual length 
of time buds made their appearance, and that only from the 
illuminated surface. Bastit’3 has shown that the moss-plant is 
distinctly negatively geotropic, but that with illumination from 
below, the shoots grow towards the light, the influence of gravity 
being overcome by that of light. This I have been able to sub- 
stantiate in the case of plants grown from the leaves. Another 
series of experiments was carried out with leaves illuminated 
from both surfaces. In order to effect this, the leaves were 
placed in a Petri dish and irrigated by means of narrow strips of 
filter paper alternating with rows of the leaves. The dish was 
placed upon a ring-stand and illuminated from below by a mirror. 
In this experiment I found that the buds originated from both 
surfaces, thus showing the dependence upon illumination. In 
another series of cultures the leaves were placed in a vertical 
position in the soil and in such a manner that the leaf surfaces 
were parallel to the incident rays of light. These, as well as the 
previous experiments showed the production of buds from both 
surfaces. 

In the case of whole leaves the buds appeared only near the 
periphery and within the leaf margin, the cells of the border 
never producing any growth. The cutting of the leaves trans- 
versely did not alter their power of regeneration, both rhizoids 
and buds being produced in as great abundance as in the whole 
leaves. In order to show whether it was possible for the cells 
from the costal region to give rise to buds, the lateral halves 


3 Rev. gén. de Botanique 3 : 406-411. I89QI. 
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were split away from the costa, and both portions cultivated. 
The result was that buds appeared from the costal region as well 
as from the lateral halves, showing that in the whole leaf the 
power to produce buds was only suppressed. Again with refer- 
ence to the power of young and old or fully mature leaves to 
regenerate. Series of leaves from the mature to the very small- 
est that could be dissected from the end bud were subjected to 
culture, with the result that the leaves from ordinary size to about 
half way through the series produced buds and rhizoids in abun- 
dance. Those from this point on to the very minute leaves pro- 
duced only rhizoids, and these mostly from the region of the 
costa. It was evident that the plastic material was not present 
in sufficient abundance to produce a further development, or that 
being an embryonic organ, the young leaf used its available 
supply of food material towards the growth of its own cells. 

So far as I have observed, the leaves of Mnium in nature 
never give rise to rhizoids when still in connection with the 
stem. In order to afford experimental proof of this, whole 
plants were subjected to exactly the same conditions as the 
detached leaves, but no rhizoid productions resulted. Again, it 
might be thought that the formation of rhizoids and buds was 
called forth by the injury to the leaf. That the cutting of the 
leaf is not effective in the production was shown by those 
experiments in which the leaves were cut and still left in con- 
nection with the stem; even in these leaves no new growth 
resulted. Another series of experiments was made in which the 
costa was cut near the base of the leaf while the lateral halves 
were still left in connection with the stem, with the idea that the 
severing of the costa might cut off the path for the transport of 
food material. No rhizotd growth was called forth, and hence 
the previous experiments show that nothing but the complete 
separation of the leaves from the stem is able to call forth the 
power of the leaf to regenerate. When the leaf is still in con- 
nection with the stem, the plastic material can be transported to 
other younger and growing parts; in the detached leaf on the 


other hand the escape is cut off, and thus may favor the produc- 
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tion of rhizoids and buds. The simple cutting of the leaf in 
itself seems to be, however, the important factor, that is, the 
complete separation of the leaf from the stem affords the stimu- 
lus for growth, which is then applied to the production of 
rhizoids and new leafy shoots. 

When the stems of Mnium are stripped of leaves and kept 
in conditions favorable for growth, they will produce new shoots 
which originate as axillary branches. As is often noticed in 
nature, the stems produce an abundance of rhizoids and these 
in greater abundance from the region of the stem which has 
given rise to a shoot. In no case, however, was a production 
of protonemata direct from the stem to be observed, and the 
rhizoids grew for months without giving rise to any protonemal 
branches. The production of new shoots from the stems 
occurred as well in the dark as in the light; in the dark, how- 
ever, the new shoots produced smaller leaves, and were more 
slender and elongated. The shoots used for experimentation 
were laid horizontal, and the lateral shoots grew erect, both in 
the dark and in the light, thus showing a well marked negative 
geotropism. The production of the new shoots was not called 
forth by the defoliation, but only accelerated thereby, since 
whole plants subjected to the same conditions produced new 
shoots as lateral branches, according to the manner of branching 
in nature. The stems also showed quite a distinct tendency to 
the production of shoots from the region of the morphological 
apex. Defoliated stems were grown in a vertical position in a 
moist chamber, part with the morphological apex uppermost, 
part with it directed downwards. The result was that in the 
majority of cases the new shoot appeared a short distance below 
the apical end. In some cases the stems gave rise to several 
shoots, and some of these were often well removed towards the 
basal end. The new shoots produced from the stem as well as 
those produced from the leaves were distinctly positively helio- 
tropic. By reversing the leaf cultures from time to time after they 
had reached the length of a few millimeters, the stem was made 


to assume a zig-zag form due to the heliotropic curvatures. 
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It may be noted here that the leaves generally formed ten to 
fifteen buds, but only two or three of these continued their devel- 
opment to any considerable size. It has been already noted, that 
leaves in which the bud production was prevented by darkness, 
produced protonemata from the apical portion of the rhizoids 
when subjected to light. In case, however, the normal produc- 
tion of buds direct from the leaf was allowed to be carried out, 
the rhizoids did not produce any protonemata, and ceased 
growth soon after the new plants had been formed. 


2% FUNARIA HYGROMETRICA, 


The production of protonemata by the leaves of Funaria has 
already been mentioned in the references to the researches of 
Schimper, Goebel, and Klebs. Goebel states that he obtained 
protonemata in great abundance from Funaria leaves, but my 
experiments do not show the leaves to be endowed with a very 
great power of regeneration. The plants used were taken from 
the greenhouse and were apparently in vigorous condition. Cul- 
tures of leaves were made in the same way as for Mnium, and 
placed in both light and dark. On an average of about one out 
of every six leaves showed signs of protonemata. In all the 
cases noted in the first series of experiments, the growth was 
entirely from the cells of the base and only from those which 
had been directly attached to the stem. The cultures which 
were grown in the dark showed growths of a decided protone- 
mal nature, the cell walls colorless, the cross walls generally a 
little inclined and cells filled with bodies irregular in outline, 
and without any green color. The filaments remained long and 
almost unbranched, and reached a length of about 1°. Several 
cells of a filament grown in the dark are shown in fig. 9g for com- 
parison with those grown under normal illumination. 

In one or two cases the leaves produced structures which 
were more rhizoidal in nature, and these in the cultures both in 
the light and in darkness. In all of the cultures no buds 
were produced in the dark, while under normal illumination 


they appeared after ten days to two weeks. The protonema 
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very soon after its origin from the leaf, often gave rise to a bud 
as a lateral branch, and numerous cases were observed in which 
this bud formation occurred from the second protonemal cell. 
This is illustrated in fg. 8. 

In two cases out of all the experiments which I carried out, 
I found a protonema production from other than the basal 
cells, so it would seem that the cells of the basal portion of the 
leaf are more inclined to produce protonemata than those from 
other parts. In the preparation of the cultures the leaves were 
stripped from the stem with a pair of forceps, and occasionally 
portions of the stem were torn away with them. A very abun- 
dant production of protonemata occurred from these portions of 
the stem. In order to show whether the power of regeneration 
was localized more in the basal cells of the leaf, a series of cul- 
tures was made in which the entire basal portion of the leaves 
was cut away. These cultures were kept for six weeks, and at 
the end of that time no formation of protonemata had occurred. 
That the power of protonema production is not confined entirely 
to the basal cells is shown by the two cases already mentioned 
where protonemata were produced from the region of the tip. 
Hence, the experiments only show that the leaf cells adjacent 
to the stem produce protonemata more readily. 

Whole plants brought under exactly the same conditions as 
the detached leaves did not produce any protonemata from the 
leaves, and again plants with the leaves cut away at the tip 
showed no signs of protonema production. From the experi- 
ments it must be concluded that the complete separation of the 
leaves from the stem is necessary in order to call forth the 
formation of protonemata. 

The experiments with the leaves which had portions of the 
stem torn away with them showed the stem cells to have a 
remarkable power of protonema production. A series of cultures 
was made in which the leaves were entirely stripped from the 
stems and the stems cultivated in both light and dark. The 
stems produced new shoots as lateral branches with remarkable 


rapidity. After a lapse of only three days the new shoots had 
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reached a length of nearly two millimeters. No distinct tendency 
to the appearance of the new shoots from the region of the mor- 
phological apex of the old shoot could be detected. Generally, 
however, a shoot was formed just back of the apex, but in the 
majority of cases they were produced at other points along the 
stem, and even from the very base. Occurring at the same time 
with the production of new shoots was an abundant growth of 
protonemata from the stem for its entire length. The regen- 
eration by new shoots was always in the way of axillary 
branches, in a manner similar to that which often occurs in 
nature. The protonemata were not, however, confined to the 
leaf axils, but grew as well from cells removed from the axillary 
regions. In the cultures in the light they originated generally 
from the side of the stem which was uppermost, while rhizoids 
were produced from the contact side and in greater abundance 
from the region of the stem which had formed a new shoot. This 
is shown in fig. 72. The cultures in the dark showed very 
rarely a protonema production, and in neither light nor dark was 
any bud formation noted from the stem protonemata. In sev- 
eral cases where the receptacles with the perichaetial leaves were 
placed in culture an abundant protonema production was noted 
from the end cells of the receptacle. A dissection showed these 
protonemata to originate from the cells lying between the base of 
the antheridia, archegonia, and paraphyses, and also from the 
basai cells of the paraphyses as shown in figs. ro, 77. All 
attempts to obtain protonemata from the paraphyses when sepa- 
rated from the stem were without effect. The material for 
growth was evidently drawn from the stem, and when this sup- 
ply was cut off the cells were not capable of independent 
growth. 


In order to determine whether the production of new shoots 
and protonemata was called forth by defoliation or not, whole 
plants were placed in exactly the same conditions as the defoli- 
ated stems. Regeneration by means of new shoots occurred, 
but not in the abundance that was noted in the defoliated stems, 


while no production of protonemata occurred and only occasion- 
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ally rhizoids. The production of protonemata was then called 
forth by defoliation; the formation of new shoots was only 
accelerated by the defoliation. 

A fact which must be of importance to Funaria was shown 
in the experiments in which whole plants and defoliated stems 
were placed under earth at a depth of 3™". The stems in both 
cases formed lateral branches which grew erect from the stems 
which had been buried in a horizontal position. After a lapse 
of two weeks these new shoots first made their appearance above 
the soil. Considering the habitat of Funaria the power of regen- 
eration in this manner is of considerable importance in nature, 
since the plants often become covered with soil and would other- 
wise perish. 

The new shoots from the stem as grown in dark were about 
twice as long as in the light cultures, and the leaves were much 
reduced in size. The cultures in the light showed the new shoots 
to be strongly positively heliotropic. In the dark the new shoots 
grew erect from the prostrate stems. Stems were placed in a Petri 
dish in the ordinary horizontal position, and the dish then 
inverted. The new shoots curved around so as to grow upwards, 


showing them to be distinctly negatively geotropic. 


3. BRYUM CAPILLARE. 

The leaves of this plant show a very remarkable power of 
regeneration. Cultures of the leaves were made the same as for 
Mnium, and part placed in the light and part in the dark cham- 
ber. At the end of a week the majority of the leaves used had 
produced new growths, and these mostly ‘from the basal portion 
of the leaf. The first growth from the leaf cells was of neither a 
pronounced rhizoidal or protonemal nature ; the walls were col- 
orless, the cross walls occasionally perpendicular, but more gen- 
erally slightly oblique. With exposure to light the filaments 
tended to a growth of a more decided protonemal nature, the 
cross walls were predominantly perpendicular in the abundant 
lateral branches, and quite often in the main axes also, and the 
cells soon developed an abundant chlorophyll content. With 
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time the walls of the main axes turned brown, and the chloro- 
phyll content disappeared, so that eventually the main axes, even 
though exposed to the light, came to resemble rhizoids. With 
the continued exposure to darkness the filaments soon became 
brown; no chlorophyll was formed, and the lateral branching 
was very generally suppressed. In the cultures in the dark no 
buds were formed, while in the light cultures the first buds were 
noticed at the end of seven days, with the more abundant pro- 
duction as growth continued. The buds originated as side 
branches of the main axis soon after the filament had grown 
from the leaf cell. In the further growth the buds appeared at 
different points along the main axis and were homologous with 
the lateral protonemal branches. The lateral branches might 
also in their turn give rise to buds as lateral branches, and after 
six weeks an enormous number of new plants were produced in 
this way. 

The protonema production occurred generally from the cells 
of the leaf base, either from the marginal cells or from those of 
the lacerated base, more generally than from the cells in the 
interior of the leaf. Although protonemata originated from the 
cells removed from the periphery, no distinct tendency to pro- 
duction from a certain side of a leaf was noted. Part of the 
protonemata would originate from the contact surface and part 
from the free surface, sometimes more from the contact surface, 
sometimes more from the opposed surface, so that no constant 
etfect of contact was demonstrated. Leaves which had remained 
in the dark for two weeks had produced long, sparsely branched 
rhizoids without any signs of buds. They were then placed in 
the light, and after the lapse of ten days abundant protonemal 
branches were produced from the distal portions of the rhizoids, 
and also an abundance of buds, thus showing that light was 
necessary for the formation of buds. Luxuriantly growing 
protonemata without any buds were placed in the dark and 
allowed to remain for two weeks. The specimens were grown 
upon pieces of flowerpots, and at the end of the two weeks no 
buds had been formed, although the protonema from its previous 
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exposure to light must have contained a considerable supply of 
plastic material, which was used in continued growth rather 
than in the formation of leafy shoots. No structures at all 
resembling rhizoids were produced,and at the end of the experi- 
ment the protonemal filaments were beginning to die from lack 
of food material. From these results it will be seen that in the 
case of Bryum capillare a continued exposure to light is neces- 
sary for the production of buds. 

In order to determine whether the cells removed from the 
basal region of the leaf were able to produce protonemata as 
readily as those of the base, a series of cultures was made in 
which the leaves were cut transversely through the middle, and 
both basal and apical portions retained in culture. The basal 
half of the leaf produced protonemata from both the proximal 
and distal ends, but only rarely from the cells occupying the 
interior. The apical half of the leaf also produced protonemata 
from the cells next the cut base. (/igs. 77, 78, 79.) Another 
series of cultures was made in which the leaves were cut length- 
wise, and these showed protonema production from the base and 
also from the cut margins. These experiments then show that 
almost any cell of the leaf may grow out into a protonema, but 
that in the cells with one side next the margin, the tendency to 
form protonemata is greater than in those cells which are sur- 
rounded on all four sides by others. 

The experiments with whole plants placed under like condi- 
tions as the separated leaves, showed no protonema preduction 
whatever from the leaves, and when the tips of the leaves in 
whole plants were cut away, even then the leaves formed no 
protonemata. Thus nothing more or less than a complete sepa- 
ration of the leaves from the stem would suffice to call forth the 
power of the leaf cells to grow out into protonema filaments. 

Experiments with leaves grown in blue and red light brought 
a different result from that found in the case of the Mnium 
leaves. The leaves in the red light produced buds, apparently 
with as great readiness as in normal illumination, while in the 
blue light no buds whatever were formed. When we reflect that 
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it is only in the red light that photosyntax takes place to any 
extent, the importance of this process as furnishing material for 
the formation of buds is at once made evident. That the prod- 
ucts of photosyntax are necessary for the formation of buds is 
shown by the fact that leaves grown in a CO,-free chamber also 
produced no buds. The results of these experiments with 
Bryum leaves accord with those of Schostakowitsch*™ for the 
foliose Jungermanniew, and those with Mnium agree partially 
with the results for thalloid liverworts. Experiments with Mar- 
chantia and other thalloid liverworts showed that regeneration 
occurred in the dark as well as in the light. I have also con- 
firmed these results in the case of Marchantia, but in the case of 
Lophocolea bidentata my results were different from those obtained 
by Schostakowitsch for the same species. I found that the 
detached leaves produced buds from the marginal cells of the 
leaf, and that this production occurs quite abundantly in the 
dark, as well as when the leaves are exposed to light. This 
result is more in accordance with the observation of Klebs.*5 
According to Klebs the leaves of Lophocolea bidentata produced 
buds in a weak light at an intensity which was not sufficient to 
produce the germ disk in the case of spore-protonemata. Men- 
tion may be made here of the cultures of Plagiochila asplentotdes 
leaves. Greenhouse specimens showing every appearance of 
vigor were used, and the cultures were kept for over two 
months, but although the leaves remained green and vigorous, 
no sign of any bud or rhizoid production was observed. This 
was one of the species which Schostakowitsch grew successfully, 
and it is apparent from these results that there are conditions of 
the plant, when although apparently vigorous, the power of 
regeneration may be suppressed. 

The defoliated stems of Bryum produced some protonemata 
direct from the region of the leaf axil, but in the case of speci- 
mens grown in the dark no distinct protonema growths were 
noted. The abundance of production was much less than in the 
case of Funaria hygrometrica. The paraphyses here also were 


24K lora, Erganzungsband 1894: 380-384. 25 Biol. Centralblatt 13 : 649. 1893. 
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able to grow out into rhizo-protonemata by the continued growth 
of the distal cell. This occurred, however, only when they 
remained in connection with the stem, all attempts at cultivating 
the detached paraphyses being to no avail. The stems produced 
rhizoids quite abundantly, both in light and darkness, and the 
production was not confined to any particular portion of the stem. 
From the rhizoids an abundance of buds was formed as lateral 
branches, and ina light intensity which was not sufficient to pro- 
duce vigorous protonemata. New shoots were produced by the 
stems as lateral branches the same as in Funaria. These 
appeared without any distinct localization of the point of origin, 
coming now from near the tip and now near the base of the 
stem. The production of protonemata was due mostly to defolia- 
tion of the stem, since only in rare cases was a protonema pro- 
duction noted from the whole plants which were kept in the 
same conditions as the defoliated stems. Rhizoid production 
was quite abundant from the whole plants, but the growth in 
general was more abundant from the defoliated stems. The pro- 
duction of new shoots was not called forth by the defoliation of 
the stems, but was only accelerated thereby, since whole plants 
also formed lateral axillary branches, a mode of growth which is 
often resorted to in nature, the new branches afterwards becom- 
ing separated from the parent plant. The whole and defoliated 
stems, when buried under 3™” of earth and kept moist, also gave 
rise to lateral branches, which grew in the normal way, and by 
rapid growth soon appeared above the soil, the same as in 
Funaria. The importance of this power of regeneration in 
nature has already been emphasized in the case of Funaria. 

The statements in regard to the elongated growth of the new 
shoots in the dark, with the development of reduced leaves, and 
the well-marked negative geotropism and positive heliotropism, 
hold good here as well as for Funaria. 


4. BRYUM ARGENTEUM. 
The manner of regeneration from the leaves of B. argenteum 
is so similar to that already described for &. capillare, that a 
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detailed account will not be necessary. The whole leaves pro- 
duced protonemata from the basal portion, and the cut leaves 
from all of the cut edges. The character of the growth from 
the leaf cells was practically the same. The formation of buds 
occurred in abundance in the light cultures, but none in the 
dark. The formation of protonemata was due to the separation 
of the leaf from the stem, and not to the mere cutting. 

An abundant protonema production occurred from the defol- 
iated stems, the growth taking place from the region of the leaf 
axil. The protonemal nature was generally suppressed in the 
dark cultures, only in a few cases long, unbranched, protonema- 
like growths being noted. The protonemata in the light pro- 
duced buds in great abundance, and often as lateral branches of 
the first cell of the protonemal filament. No buds whatever 
were formed in the dark. The protonema production was called 
forth by defoliation, since whole plants only produced rhizoids, 
and not in the abundance which was noted in defoliated stems. 
As opposed to the other species studied, the defoliated stems 
did not produce new shoots as lateral branches, while whole 
plants under exactly the same conditions did. This is presum- 
ably explained by the small weak stem, which when robbed of 
its leaves is not able in itself to afford material for the growth 
of new shoots, in addition to what is used to produce the abun- 
dant growth of rhizoids and protonemata. 


5. BARBULA MURALIS. 


The leaves of Barbula produce protonemata with great readi- 
ness. Cultures of the detached leaves were made for both light 
and dark, and the best results were obtained from those upon 
pieces of flowerpot. After a lapse of about a week an abun- 
dant growth had appeared in the cultures in the dark as well as 
in the light. The first growth was colorless, with slightly 
oblique cross-walls, and no chlorophyll except what was derived 
from the leaf cell. Those which remained in the light for the 


entire period soon showed a very vigorous growth, with luxuri 


ant branching and the absence of any bud formation. The walls 











1898 | REGENERATION AS EXHIBITED BY MOSSES 189 


of the main axes after a time turned brown and had more of a 
rhizoid nature. The side branches, although at times slender 
and tapering and now with oblique cross-walls, now with per- 
pendicular walls, were decidedly protonemal in character and 
possessed an abundant chlorophyll content. A thick net of 
interlacing protonemal filaments was obtained from the culture 
in the light. At the end of ten weeks the network was several 
centimeters in extent, and notwithstanding the fact that it had 
been exposed to the light in the laboratory window, no bud for- 
mation had resulted. The suppression of bud formation could 
not have been due to the lack of sufficient light, since as 
exposed in the window the illumination was quite intense. Up 
to this time the culture had produced no growths which I could 
call rhizoids. The cultures which remained in the dark pro- 
duced only long, very sparsely branched filaments which in their 
further growth tended more to rhizoidal nature, with no chloro- 
phyll, brown walls, and always oblique cross-walls. 

At the end of about eleven weeks the protonemata had given 
rise to distinct rhizoid branches, and an abundance of buds had 
been formed. Soon after this the old protonemata began to 
turn brown and die. During this period of growth, the extensive 
network of protonemal filaments had not been entirely produced 
by the direct growth of the originally formed main axes, but a 
multiplication of the protonemata had occurred. Certain side 
branches seemed to be specialized for this purpose, since the 
cells increased in size, developed a very abundant chlorophyll 
content, rounded themselves somewhat until they were about 
barrel-shaped, and then separated from the branches either 
singly or several together. These separated cells then gave 
rise to new protonemata. Goebel” mentions the power of a 
protonema, species not known, to separate in this way when the 
culture was allowed to dry. Inthe case of Barbula, however, 
the splitting away of the cells was not due to drying out, since 
the culture was supplied with nutritive solution for the entire 
period of growth. 


2 Sitz.-Ber. d. mat.-phys. Classe d. k. Bayer. Akad. d. Wiss. 36 : 641. 1896. 
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The protonemata originated only from the basal cells of the 
leaf, generally either from the very end cells or from those next 
the margin. The cells of the basal portion are much longer 
than those occupying the apical portion, and the question now 
presented itself as to whether the small cells of the apical half 
of the leaf were capable of growing out into protonemata. In 
order to determine this the basal portions were cut away from a 
series of leaves, and both apical and basal portions retained in 
culture. The result was that no protonemata were produced 
from the apical portions of the leaves, while the basal portions 
only produced protonemata from the cells of the proximal end. 
The protonemal growth was generally from cells occupying the 
periphery, but occasionally one originated from a cell a little 
removed from the margin. These experiments then show the 
power of regeneration to be confined to the larger cells of the 
leaf base. 

In the material which was accessible to me, most of the stems 
were bearing young sporophytes and had produced in their nor- 
mal growth an abundance of rhizoids. The defoliated stems 
when placed in culture did not give rise to any new shoots and 
no appreciable production of rhizoids was to be noted. 


6. ATRICHUM UNDULATUM. 

So far as my knowledge goes, no moss leaves with a struc- 
ture similar to that of Atrichum leaves have been known to give 
rise to protonemata.??7, Hence the successful growth of proto- 
nemata from these leaves is of the more interest. Four cultures 
of leaves were made: a series of leaves with the dorsal surface 
uppermost, and another series with the ventral surface upper- 
most, both to be placed in the light; two similar series were 
placed in the dark chamber. At the end of a month the first 
signs of protonemata were observed and in the course of a week 
they had grown to a considerable length. An examination of all 
the cultures showed that the protonemata in every case origi- 


27 Since this was written an article has appeared by Correns (Ber. deutsch. bot. 


Gesell. 16 :22-27. 1898) describing the production of protonemata from Polytrichum 
leaves. 
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nated from the ventral surface of the leaf without regard to the 
position which it had occupied in the culture. And further, the 
examination of the whole leaves showed that the protonemata 
originated from the cells lying at each side of the lamella. The 
protonema production from this region was quite general 
throughout the entire length of the leaf. 

In order to determine more closely the origin of the proto- 
nemata, cross sections of the leaf were made. The sections 
showed that they originated from the large cells of the costal 
region lying at the base of the outer lamelle (fig. 32). The 
first growth from the leaf, although the cross-walls were pre- 
dominantly oblique, were decidedly protonemal in character and 
remained so whether the specimens were grown in the light or 
dark. The branching was often aggregated in a manner 
altogether unique, as is shown in fig. 30, which may be taken as 
atypical example. In other cases it was more as in ordinary 
protonemata, but the only difference between the protonemata 
grown in the dark and those grown in the light, was that in the 
dark cultures the cells were generally more elongated and 
devoid of chlorophyll, and the branching less. The cell walls 
in both cases were colorless. 

After about five weeks, buds made their appearance, and 
always as modifications of lateral protonemal branches. Con- 
trary to what has been described for all of the preceding 
species the buds were formed in as great abundance in the dark 
cultures as in the light. In the dark the buds did not attain any 
considerable size on account of the lack of food material, rarely 
reaching a length of 1™. The production of buds in the dark 
is evidently explained from the nature of the leaf. The lamellz 
and the lateral portions of the leaf, since they give rise to no 
protonemata are able to furnish considerable food material which 
can be applied to the growth of leafy shoots. These experi- 
ments show that in one case, at least, light is not necessary for 
developing and unfolding the slumbering ‘“‘Anlage”’ of which 
Klebs** surmises the existence. 


8 Biolog. Centralblatt 13:647. 1893. 
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In order to determine whether a correlation existed between 
the lateral halves of the leaf and the costal region in the produc- 
tion of protonemata, the lateral halves of a series of leaves were 
separated from the costal regions, and both retained in culture. 
Under no conditions were the cells or the lamina able to grow 
out into protonemata, the cultures being kept several months 
without any sign of growth. The costal portions after the usual 
length of time showed a growth of protonemata in the ordinary 
way, only the number was greatly reduced. The cells of the 
lamella are not able to grow out into protonemata, neither when 
in connection with the leaf nor when separated. The power of 
regeneration is thus distinctly localized in the large cells of the 
costa lying at the base of the outer lamellz. 

Whole plants which were kept under exactly the same con- 
ditions as the detached leaves gave rise to no protonemata from 
the leaves. That the production of protonemata was not called 
forth by cutting was shown by the experiments in which half of 
the leaf tip was cut away while the outer half was left in con- 
nection with the stem. Under these conditions the portion of 
the leaf remaining in connection with the stem showed no 
growth. A complete separation of the leaf from the stem is 
then necessary to call forth the power of the leaves to produce 
protonemata and buds. 

The defoliated stems of Atrichum when placed under con- 
ditions favorable to growth gave rise to new shoots as axillary 
branches. This regeneration by means of new side branches 
occurred as readily in darkness as in light. In the dark the 
shoots grew more rapidly, producing more slender stems with 
reduced leaves. The tendency to apical production of shoots 
was not well marked, the shoots appearing at various points 
along the stem from base to apex. No new production of 
rhizoids or protonemata was obtained from the stems under any 
conditions, although the cultures were kept for several months. 
Whole plants under exactly the same conditions as the defoliated 
stems produced new shoots as axillary branches but not in as 


great abundance as the defoliated stems, showing that the pro- 
duction is accelerated by defoliation. 
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7. POLYTRICHUM COMMUNE. 

Cultures of leaves were made the same as for Atrichum, but 
it was not till the end of about six weeks that the growth of 
protonemata was observed. The protonemata were similar in 
nature to those already described for Atrichum, with colorless 
walls and oblique cross-walls in both light and dark. A peculiar 
aggregation of branches occurred quite frequently, an example 
of which is shown in fg. 36, thus forming an assimilating organ, 
while the production of buds came later. In the protonemata 
grown in the dark the cells were longer, without chlorophyll, 
and the branching was more or less suppressed. 

The protonemata originated exclusively from the ventral 
surface of the leaf, that is the lamellate side, without reference 
to the position which the leaves occupied in culture. An exam- 
ination of the leaves showed that they came apparently from 
between the lamella, but the exact origin could only be deter- 
mined by means of cross sections. The sections showed that 
the protonemata originated from the large cells lying just at 
the base of the lamellx (fg. 34). The protonema production 
did not seem to be confined to any particular portion of the 
leaf, but was quite generally distributed over the leaf cells 
occupying the position above named. The portion of the 
lamina not covered by lamelli is small, but the cells from that 
portion of the leaf as well as the cells of the lamella were not 
able to grow out into protonemata. 

The first production of buds was noted at the end of about 
seven weeks, and, just as in Atrichum, in as great abundance in 
darkness as in light. The buds originated either as modifica- 
tions of lateral protonemal branches or in a few cases by the 
divisions of the end cell of a main protonemal axis. The 
explanation for the production of buds in darkness, here as in 


Atrichum, is to be sought presumably in the nature of the 


leaf, the accessible supply of nutritive material being consider- 
able. 

The complete separation of the leaf from the stem was 
necessary to call forth the protonema formation. The experi- 
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ments with defoliated stems gave the same results as have 
already been described for Atrichum. 

Mention may be made here of the cultures of Pogonatum 
nanum leaves. Cultures of these leaves were kept for two months 
without any appearance of protonemata, although the leaves were 
apparently vigorous. 


8. BRACHYTHECIUM RUTABULUM. 


The leaves of Brachythecium did not produce protonemata 
with very great readiness, only about one out of every eight 
giving rise to protonemata. The first production of protonemata 
was noted at the end of nearly three weeks. As in the case of 
Bryum the first growth was neither distinctly protonemal nor 
rhizoidal. Even in the cultures in the light the main axis soon 
changed its cell walls to a well-marked brown, while the side 
branches continued as distinctly protonemal, with generally 
perpendicular cross-walls, and an abundant chlorophyll content. 
Buds were formed very soon and consequently the protonemata 
did not attain any considerable size. Inthe cultures in the dark 
the filaments remained long and occasionally branched, with 
brown cell walls, oblique cross-walls and no chlorophyll. Buds 
were found after about three weeks, but these were confined to 
the cultures which had been exposed to the light. The buds 
originated in all cases as side branches of the main protonemal 
axes, 

The first experiments with the leaves showed that the proto- 
nemata originated exclusively from the larger cells lying next 
the very base. None of the cells removed from the periphery 
gave rise to a growth, but only those one side of which was next 
the free lacerated base of the leaf. Leaves were cut transversely, 
and also longitudinally and all portions placed in conditions 
favorable for growth. The apical half of the leaf gave rise to 
no protonemata whatever, while the basal half only produced 
protonemata from the proximal end, with an origin the same as 
in the cases of the whole leaves. The portions of the leaves 


which had been split longitudinally also gave rise to protone- 
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mata but only from the base and not from the cells lying along 
the cut margin. The power of regeneration is then located in 
the basal cells of the leaf the same as in Barbula muralis. The 
production is due to the separation of the leaves from the stem, 
since whole plants under exactly the same conditions as the 
detached leaves produced no protonemata, and since when the 
leaves were cut and still allowed to remain in connection with 
the stem no growth was called forth. 

Essentially the same results were obtained with leaves from 
a variety of this species, except that the protonemata originated 
exclusively from the cells of the base which occupied the posi- 
tion next the costa. 

The defoliated stems gave rise to new branches as axillary 
shoots, both from the main axes and from the side branches. 
These appeared without any apparent regularity with reference 
to base or apex of the stems, and also as well in the dark as in 
the light. In the dark the growth was more rapid, producing 
longer and slenderer shoots with very reduced leaves. Although 
the stems were cultivated for about two months no protonema 
production direct from the stems was observed. The production 
of rhizoids was not general, only here and there a few being 
produced. Whole plants brought into the same conditions as 
the defoliated stems, produced new plants in apparently as great 
abundance. The rhizoid production was about the same, so it 
was impossible to say that either rhizoid or shoot production was 
accelerated by defoliation. 


g. LEPTOBRYUM PYRIFORME. 

The leaves of Leptobryum compare very favorably with 
those of Brachythecitum rutabulum in the extent to which they 
produce protonemata, perhaps not more than one in ten of the 
leaves used showing the formation of a new growth. The first 
appearance of protonemata was noted after the leaves had been 
in culture for nearly three weeks. As in Bryum and Brachythe- 
cium, the first growth was semi-protonemal in character. With 
continued exposure to light and increase in length, it assumed 
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more and more the protonemal character. Towards the distal 
end the cells were much shorter, abundantly filled with chloro- 
phyll, and with perpendicular cross-walls. Even in the light 
the branching remained suppressed and only long, unbranched 
filaments about 1™ long were produced. In the cultures in the 
dark the filaments remained distinctly rhizoidal in nature and 
reached the length of about 1™ after four weeks of growth. 
When leaves which had remained in the dark for about four 
weeks were placed in the light, the continued growth of the 
rhizoids soon became of a more protonemal character, so that a 
direct transformation of the main rhizoid axes to protonemata 
was called forth. Even in this case no branching resulted and 
no buds were produced, either in the light cultures or in the 
dark. . 

The protonemata originated from the basal portion of the 
leaf and generally from some of the cells a little removed 
from the end. There was no inherent tendency to the produc- 
tion of protonemata from a particular side of the leaf. And, 
moreover, the growth occurred now from the contact side, now 
from the free side. In order to determine whether the cells 
removed from the base had the power of producing protone- 
mata, the leaves were cut transversely and kept in condition 
favorable to growth for about two months. No growth resulted 
from the apical portion, and from the basal portion the growth 
was the same as in the whole leaf. These experiments showed 
the power of growth to be localized in the cells of the basal half 
of the leaf. It was also shown that the production of protone- 
mata was only called forth by the complete separation of the 
leaf from the stem. 

Defoliated stems when kept in culture a short time produced 
an abundance of rhizoids and protonemata from the region of 
the leaf axils, the protonemata generally being the more abun- 
dant. Inthe dark all of the growths from the stem retained the 
nature of rhizoids, but when exposed to light the further growth 


was of a decided protonemal character. The protonema pro- 
duction was not local but occurred in as great abundance from 
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one portion of the stem as another. Defoliated stems generally 
produced one or two new plants as lateral branches. The origin 
of these was not definite, since they appeared now at the base, 
now at the apex, and at intervening points. Whole plants 
placed under the same condition as defoliated ones also pro- 
duced an abundance of protonemata direct from the leaf axil, 
the same as in defoliated stems. The production of new shoots 
was also as abundant in the whole plants as in the case of the 
defoliated stems. Hence, Leptobryum differs from the other 
species already described in that the protonema production is 
not called forth by defoliation. 

The form of branching of the protonemata of Leptobryum is 
worthy of note, since it very frequently differs from the ordinary 
mode. In the normal branching of protonemata each cell is 
able to form a branch just behind the cross septum. In this 
case, however, two branches are formed opposite each other and 
immediately behind the septum (fig. g8). The plants which I 
used for experiments were grown in the greenhouse, and an 
examination of sterile plants showed that the production of pro- 
tonemata from the leaf axils was quite general. The side 
branches of these protonemata often gave rise to strings of con- 
idia-like cells, which broke away from the branch bearing them. 
The cells generally had assumed an oval form, were abundantly 
filled with chlorophyll bodies and quite often large oil drops, 
and possessed besides slightly thicker walls (figs. 43, 4). The 
striking similarity of this growth to conidia formation in fungi 
will at once be noted from the diagram. Some of these conidia- 
like cells were placed in conditions favorable for growth and 
after a lapse of about eight days germination or growth had 
occurred as shown in fig. 5. A great many of the leaf axils, 
instead of giving rise to protonemata or rhizoids, had produced 
dark brown, oval, multicellular brood-bodies borne upon a stalk 
several cells long ( figs. 46, 47). The rhizoids also gave rise to 
similar brood-bodies. The conditions for this conidia produc- 
tion cannot be stated. In the artificial cultures when kept 


moist, this manner of breaking up of the protonemal branches 
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into single cells did not occur. The plants in the greenhouse 
were not, however, especially dry. 


IO. PHASCUM CUSPIDATUM. 


The leaves of Phascum produced protonemata with great 
readiness and in less time than any other species investigated. 
Cultures were made for both light and dark, part of the leaves 
in each case being dorsal side and part being ventral side up. 
At the end of five days both protonemata and buds had been 
produced in the light, and a careful examination showed that the 
majority of the growths originated from the ventral side of the 
leaf in the region of the costa, without reference to the position 
which the leaves had occupied in the culture. Occasionally a 
protonema originated from the leaf cells removed from the 
region of the costa, and now from the contact side and now 
from the free side of the leaf. Occasionally some of the cells 
from the region of the base gave rise to distinct rhizoids which 
showed no tendency to produce protonemal branches, but 
remained distinctly rhizoidal in nature even in the light. The 
branching of the protonemata in the light was not very profuse. 
while in those which remained in the dark all the time, the 
branching was suppressed to a considerable extent, and the 
walls very soon turned brown. No buds were formed in the 
dark cultures, while the cultures in the light had plenty of buds 
at the end of five days. 

When the lateral halves of the leaves were separated from 
the costa, they also gave rise to numerous protonemata, show- 
ing that in the whole leaf the ability of regeneration was 
present, but that the supply of food material was contributed 
to the cells of the costal region, which produced protone- 
mata with greater ease. It has already been stated that the 
majority of protonema production in the whole leaves was 
from the ventral leaf surface in the region of the costa. Cress 
sections of the leaves showed that the cells occupying the costal 
region on the ventral side were thinner walled than the remainder 


of the leaf cells, hence they produced protonema more readily. 
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The dorsal side of the costa was made up entirely of thick-walled 
cells, hence no protonema production from the dorsal side 
occurred (fig. 57). 

Whole plants and plants with the tips of the leaves cut away 
produced no protonemata from the leaves, nothing but a com- 
plete separation of the leaves from the stems being sufficient to 
call forth the formation of protonemata. The protonema pro- 
duction from the costal region occurred throughout the entire 
extent of the leaf, but that from the apical portion was greater 
than that from the basal portion. 

The defoliated stems produced protonemata directly through- 
out their entire length, and they were not confined entirely to 
the leaf axil, any of the surface cells being capable of growth. 
The defoliated stem generally produced at least one new shoot, 
and sometimes this originated from the very base of the stem, 
sometimes from nearer the apex. Whole plants placed in exactly 
the same conditions produced protonemata directly from the 
stem, and also new shoots. 


II. CERATODON PURPUREUS. 

All attempts to obtain protonemata from the leaves of Cera- 
todon were without effect. The leaves were kept for several 
months in apparently vigorous condition without any sign of 
protonema formation. The defoliated stems are however able 
to give rise to an abundant protonema growth, which originated 
direct from the region of the leaf axils. Rhizoids were also 
produced, but they very soon became protonemal in nature in 
the cultures which are exposed to light. In the dark the 
growths were of a more rhizoidal nature, and generally remained 
almost devoid of branches. The protonema production was not 
local but was general throughout the entire length of the stem. 
The defoliated stems also produced new shoots as lateral branches. 
The point of origin was not definite, since they might come at 
any point between the base and apex of the stem. The produc- 
tion of new shoots occurred as well in darkness as in light. 
Whole plants placed in the same conditions as the defo- 
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liated stems, produced new lateral shoots and quite a number of 
protonemata, hence the protonema and shoot production was 
not called forth by defoliation. 


12. FISSIDENS BRYOIDES. 


As in Ceratodon, all attempts to grow protonemata from the 
leaves of Fissidens were ineffectual. The leaves were kept for 
three months, and at the end of that time, although in apparent 
vigor, no protonemata had been produced. The stems, when 
stripped of leaves, produced rhizoids directly from the region of 
the leaf axils in both light and darkness. In the light, however, 
the rhizoids soon grew to possess a distinct protonemal charac- 
ter, but no protonemata originated directly from the stem. The 
stems grown in the dark produced long, sparsely branched 
rhizoids, which attained a length of about 1™ after a month of 
growth. When first examined they possessed only oblique cross- 
walls, but at this time nearly all showed alternately oblique and 
perpendicular walls. The oblique walls were the ones first formed 
and the perpendicular walls were produced later by intercalary 
division. The great regularity of the alternately oblique and 
perpendicular cross-walls was due to the fact that each cell had 
become divided by a perpendicular wall. This fact is mentioned 
since intercalary division is an exception to the usual mode of 
protonema and rhizoid growth, and since it affords another 
example of perpendicular cross-walls being produced in dark- 
ness. 

No buds were produced from the protonemata grown from 
the stem, but the stem gave rise to buds, and that in a peculiar 
way. After one month of culture the stems grown in the light 
were found to have produced buds directly from the region of 
the leaf axils, without the intervention of any protonemata. A 
bud grown in this way is shown in fig. 53. <A surface cell 
from the region of the leaf axil produces a protuberance, which 
instead of growing out into a rhizoid or protonema divides 


directly to form a bud. This manner of bud formation was 


observed only in light cultures. Plants with the leaves still 
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intact also produced buds in the same way, although not in as 
great abundance as in the defoliated stems. The buds were in 
the course of time detached from the stem. This manner of 
bud formation is of interest as affording another example of the 
production of buds without the intervention of protonemata. It 
is very probable that buds are produced this way in nature, and 
the presence of young plants coming from the region of the leaf 
axil confirms the supposition. The direct growth in nature was 
not followed however. 


Mention may be made here of the attempts to obtain pro- 
tonemata from /ontinalis antipyretica. The leaves and stems were 
cultivated in a variety of ways: in water, on earth, and with 
varying amounts of moisture, but no protonemata were obtained 
from either leaves or stem. 


I3. GENERAL EXPERIMENTS. 


As shown by the foregoing experiments, the production of 
buds with reference to light and darkness seems to have been 
in a great measure dependent upon the supply of food material 
which the leaf could afford. The question which naturally sug- 
gests itself at this point is: Can bud production be called forth 
in the dark by the use of some such carbohydrate food as grape 
sugar, in the case of leaves which in themselves are unable to 
produce buds with the absence of illumination? This is a ques- 
tion difficult to solve, because the majority of leaves require a 
considerable length of time for bud production, and because it 
is impossible to make perfectly sterile cultures. Repeated 
attempts were made with various leaves, with every care pos- 
sible to keep the cultures sterile, but the inroads of bacteria 
and molds usually destroyed the experiments and thus shut 
out all chance of success. 

In one instance, however, my efforts were successful and 
that in the case of Phascum cuspidatum. The leaves of this moss 
under ordinary conditions produced protonemata and buds after 
five days. The rapidity of growth made it favorable for experi- 
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mentation, and the cultures to which grape sugar was supplied 
formed buds after two days, both in light and darkness, but in 
greater abundance in the light cultures. With further growth 
in the dark, the buds grew to produce shoots, two, three, and in 
one case five millimeters in length. 

Experiments were performed with several of the species 
which produced protonemata the most readily, to see what 
effect KNO, would have upon the regeneration and manner of 
growth. Barbula muralis and Phascum cuspidatum \eaves were 
grown in I per cent. KNO, without any apparent retardation or 
change in the manner of growth. Aryum capillare \eaves pro- 
duced protonemata, but there was a marked retardation of growth 
and the filaments did not reach any considerable size. In 2 
per cent. KNO, Barbula murals still produced a vigorous growth 
without any marked retardation. The cells were, however, gen- 
erally shorter, and the branching more aggregated. Bryum capil- 
lare and Phascum cuspidatum produced no growth whatever. In 
3 per cent. KNO, Barbula muralis produced a slight growth, but 
the filaments did not reach any considerable length. 

A series of experiments was also carried out in order to 
determine the temperature at which protonema formation would 
occur. For these experiments Barbula muralis, Bryum capillare, 
and Phascum cuspidatum were used, with the results given in the 
following table: 
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Barbula and Phascum produced protonemata with as great 
vigor at 32° C. as at I9-21°, the temperature of the ordinary 
experiments; but at 36° no growth resulted. At 29.5° the 
Bryum leaves produced no growth but were not killed, since 
when exposed to the ordinary temperature, protonemata were 
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produced. At 32°, however, the leaves were killed. At 27° a 
slight growth resulted but with a very marked retardation. At 
24° the growth was to all appearance quite normal. 

That moss plants are able to be dried completely for some 
length of time and still retain their power of regeneration has 
been demonstrated by Schréder.” By way of confirmation 
Bryum capillare was dried thoroughly for three weeks, then 
moistened and the leaves stripped from the stems and placed in 
conditions favorable for development. In the same time as 
usual protonemata made their appearance. Sarbula muralis was 
dried for two weeks without the loss of protonema production. 

The foregoing experiments have shown that in nearly all 
conditions, the only requisite for the development of protonemata 
from rhizoids has been the exposure to light. Either the main 
rhizoid axis has given rise to side branches which were dis- 
tinctly protonemal in nature, or the continuation of the main axis 
has become decidedly protonema-like. There may, however, be 
conditions in which the rhizoids, even though exposed to light, 
do not produce protonemal branches. The rhizoids from Mnium 
leaves, in case the normal development of buds is allowed to be 
carried out, produce no protonemal branches. In the same way 
the rhizoids from the stem did not give rise to protonemal 
branches, but if the growth of the stem is interrupted the rhi- 
zoids undertake the regeneration of the plant and produce new 
leafy shoots and protonemal branches. This manner of growth 
is quite common when tufts of various plants are inverted so 
that the rhizoids are exposed to the light and the shoots killed 
by being covered with soil. 

The experiments which I have carried out show that the 
protonemata do not produce rhizoids with as great readiness as 
the rhizoids do protonemata. This is in opposition to the view 
expressed by Frank,*° since he says in regard to the protonemata : 
“Eben so leicht kann der Faden wieder in ein Rhizoid sich 
umwandeln.” <A protonema of Aryum capillare was grown ona 

29 Untersuch. aus d. bot. Inst. zu Tiibingen 2: 15-21. 1886. 


3° Lehrbuch der Botanik 2:9. 1893. 
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piece of flowerpot until a considerable size and vigor was 
attained, and then placed in the dark. At the end of two weeks 
no sign of rhizoids was detected. The growth had, however, 
been considerable from the supply of food material which had 
been produced in the light. 

In another case a luxuriantly growing protonema of the same 
species as above mentioned was placed upon a piece of flower- 
pot and one half covered with earth, the other allowed to remain 
free. Only in one or two cases was a growth of rhizoids noted 
from the part covered with earth. The same result was obtained 
with protonemata of Bryum capillare and Barbula murals in which 
one half was covered with a screen of black paper. The proto- 
nemata lost their chlorophyll content, but did not develop any 
distinct rhizoids. From these results it is seen that although 
exposed to darkness and also grown on earth, a rhizoid produc- 
tion only rarely occurred. A culture of protonema of Barbula 
muralis which was grown in the light produced distinct rhizoids 
after about eleven weeks of growth. Here then is a case of the 
production of rhizoids in direct illumination. Sryum capillare 
and Sarbula muralis \eaves were grown under water and a lux- 
uriant protonema growth obtained. It might be thought that 
growing under these conditions, the protonemata would retain 
their more algal nature and not produce new leafy shoots, but 
in the case of Bryum, buds made their appearance after the 
usual length of culture. There was, however, a difference in the 
form of growth. In Bryum and Barbula the lateral branches 
grew quite slender and tapering, while in the cultures on flower- 
pot they were more robust and of equal diameter throughout. 
In Barbula these side branches frequently possessed oblique 
cross-walls, while Bryum generally had perpendicular cross- 
walls. This manner of growth has been mentioned by Goebel 3* 
for a protonema of Physcomitrium pyriforme when grown in 
water. He compares these side branches to rhizoids and makes 
the statement that they evidently correspond to rhizoids. It 
might be inferred that the lack of rhizoid production in these 


* Flora 72:8. 1889. 
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cultures was due to the medium of growth, either upon flower- 
pot pieces or in water. Cultures, which from the beginning were 
made upon earth, showed essentially the same manner of growth, 
except that the side branches were robust instead of slender, of 
equal diameter instead of tapering, and were distinctly positively 
heliotropic. It was only very rarely that a protonemal branch 
was found penetrating the soil and becoming rhizoidal. The 
same result was obtained with protonemata, which were grown 
either in water or upon flowerpot pieces and then placed upon 
the soil, the further growth still being without rhizoid develop- 
ment. Luxuriantly growing protonemata from the stem of 
Funaria were half covered with earth without any appearance of 
rhizoids. Schimper* grew Funaria protonema from the spores 
which did not show any rhizoid production. 


Vv. SUMMARY. 


Considering the various species of moss plants used in the 
foregoing experiments, there are, notwithstanding the variety of 
results, many striking similarities in the manner of regeneration, 
a brief summary of which will be brought together in the follow- 
ing conclusions : 


1. The majority of moss leaves used showed a remarkable 
power of regeneration, producing either rhizoids or protonemata, 
with the later appearance of new leafy shoots. The rhizoid or 
protonema production was carried out in both light and dark- 
ness. 

2. The point of origin of the new growth from the leaf in 
some cases depended upon contact and illumination, and was 
independent of gravity (Mnium). In other cases the protonema 
had a definite origin which was independent of external factors, 
and depended solely on the leaf structure: from the ventral side 
of the leaf as in Atrichum, Polytrichum, and Phascum; or from 
marginal cells and thus independent of contact, gravity, illumi- 
nation, or position of the leaf. 


32 Rech. anat. et morph. sur les mousses, f/afe 7. 1848. 
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3. The power of regeneration may be distinctly localized: a. 
In special cells of the leaf base as in Barbula, Brachythecium, 
and Funaria. 6. In special cells of the ventral leaf surface as 
in Atrichum and Polytrichum. In other cases the power of 
regeneration was quite generally shared by all the leaf cells as 
in Mnium, Bryum, and Phascum. 


4. The structures produced might be all rhizoids in both 
light and dark as in Mnium and occasionally so in Phascum. 
They were protonemata in light and rhizoids in the dark as in 
Bryum, Barbula, Brachythecium, and Phascum, or they were all 
protonemata in both light and dark as in Atrichum and Poly- 
trichum. 


5. Buds were produced under ordinary conditions of cultiva- 
tion only in light in the following: Mnium, Funaria, Bryum, 
Barbula, and Brachythecium. In both light and dark by Atri- 
chum and Polytrichum under ordinary conditions, and by Phas- 
cum when supplied with grape sugar. The production of buds 
seemed to be in a measure dependent upon the food supply. 


6. Regeneration was called forth in all cases by the separa- 
tion of the leaf from the stem. Mere cutting of the leaves while 
in connection with the stem did not call forth the production of 
protonemata or rhizoids. 


7. The majority of moss stems, as well as the leaves, showed 
regeneration, and that in two ways: a. By axillary shoots. 0. 
By protonemata directly or by rhizoids, which in the light very 
soon gave rise to protonemal branches. The stems in two cases 
had the power of regeneration, while this power was not shared 
by the leaves (Fissidens and Ceratodon). 

8. Production of axillary shoots was not called forth by 
defoliation of the stem, but was generally accelerated thereby. 
In some cases the protonema production was called forth by 
defoliation, in other cases only accelerated. 


g. Protonema production was quite general throughout the 


entire extent of the stem. In some cases the protonemata orig- 
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inated only from the axillary cells, in other cases from the 
various surface cells of the internode. The axillary shoots in 
one case showed a tendency to marked apical origin (Mnium). 
In the other cases the distribution was quite general. 

10. The buds originated from Mnium leaves and Fissidens 
stems without the intervention of a protonema. When of pro- 
tonemal origin, they were either modifications of lateral pro- 
tonemal or rhizoidal branches, or direct modifications of the 
main axes. The tendency of protonemata to produce rhizoids 
was not as great as the tendency of rhizoids to produce pro- 
tonemata. 


11. The upper temperature limit for regeneration from the 
leaves investigated varied from 24 to 32° C. Protonemata were 
grown in I and 2 per cent. solutions of KNO,. Drying for a 
considerable length of time did not alter the power of the leaf 
to produce protonemata. 


The investigations here recorded were carried out during 
the years 1896-7 in the laboratory of the Botanical Insti- 
tute at Leipzig, under the direction of Herr Geh. Professor Dr. 
Pfeffer. I wish here to express my thanks to him for aid and 
many valuable suggestions. 


PARSONS COLLEGE, 
Fairfield, la. 


EXPLANATION OF PLATES XIX—xXx. 
PLATE XIX. 
Mnitum rostratum. 

Fic. 1. Diagram of a leaf to show origin of rhizoids and buds. X 12. 

Fic. 2. Cross section of a portion of a leaf showing the origin of a bud 
from a leaf cell, together with the previously produced rhizoid. X 130. 

Fic. 3. Cross section of a portion of a leaf showing a bud at a more 
advanced stage. X 130. 

Fic. 4. Portion of a leaf with rhizoids and a bud produced as a lateral 
branch of a rhizoid. X 53. 
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FiG. 5. Rhizoid (7) with protonemal branches (f#) which have been pro- 
duced after exposure to light. X 130. 


Fic. 6. Rhizoid (7) with protonemal branches (/) showing the origin of a 
bud from a cell of the main rhizoid axis, and homologous with the lateral 
protonemal branches. X 220. 


Fic. 7. Same as 6, only the bud formation has occurred from one of the 
protonemal branches direct. X 220. 
Funaria hygrometrica. 
Fic. 8. Protonema and bud grown from the receptacle. X 130. 
FiG. 9. Portion of a protonema as grown from a leaf in the dark. X 130. 


Fic. 10. Paraphysis, showing the origin of a protonema from the basal 
cell; x53: 


Fic. 11. Proximal portion of the same on a larger scale. X 130. 

Fic. 12. New shoot, rhizoids, and protonemata growing from a defoliated 
stem. 

Bryum capillare. 

FiG. 13. Several cells from the leaf base showing the origin of proto- 
nemata, with the formation of a bud. x 130. 

Fic. 14. Protonema and bud grown from the leaf. X 130. 

Fic. 15. Bud and protonema grown from the leaf. x 53. 

Fic. 16. Leaf base showing origin of protonemata and the formation of a 
new leafy shoot. * 53. 

Fic. 17. The basal half of a leaf, showing origin of protonemata from both 
the proximal and the distal ends. X 53. 

Fic. 18. Tip of a leaf showing protonemata growing from the cut edge. 
X 53- 
FiG. 19. Protonemata and leaf cells from the preceding on a larger scale. 
xX 130. ; 

Fic. 20. Protonemata originating directly from the defoliated stem. 
xX 130. 

FiG. 21. Paraphysis which has grown out into a protonemal filament. 

Bryum argenteum. 

FiG. 22. Leaf with protonema. X 53. 

Fic. 23. A few of the marginal leaf cells showing the origin of proto- 
nema. X 130. 


Fic. 24. Leaf with protonemata. X 53. 


Fic. 25. A few of the basal cells showing the origin of the protonema. 
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F1G. 26. Portion of a defoliated stem showing the origin of protonemata 
and the formation of buds. X 130. 

Barbula muratis. 

FiG.27. Basal portion of a leaf showing the origin of protonemata. X 130. 
Fic. 28. Portion of a leaf protonema showing a bud with rudimentary 
leaves. X 130. 

F1G. 29. Protonema with rhizoids which have been produced in light in a 
ten weeks old culture. X 130. 

PLATE XX, 
Atrichum undulatum. 

F1G. 30. Protonema grown from the leaf and showing the aggregated 
branching so common in the leaf protonemata of Atrichum. X 130. 

F1G. 31. Portion of a protonema with bud. X 130. 

F1G. 32. Cross section of a leaf showing the manner in which the proto- 
nemata originate from the cells at the base of the outer lamella. X 130. 

Polytrichum commune. 

F1G. 33. Diagram of a leaf which has produced protonemata and a leafy 
shoot. X 6. 

F1G. 34. Portion of a cross section of a leaf showing the origin of a pro- 
tonema from a cell at the base of a lamella. X 220. 

Fic. 35. A bud produced direct by the end cell of the main protonema 
axis. X 220. 

F1G. 36. A portion of a leaf protonema with aggregated branching. x 220. 
F1G. 37. Protonema grown from leaf inthe dark. X 130. 
Fic. 38. Protonema grown from leaf in the light. X 130. 


F1G. 39. Portion of a protonema, and a bud grown from a leaf in the 
dark. X 220. 


Brachythecium rutabulum, 
Fic. 40. Cells from the leaf base, with bud and rhizo-protonema. X 220. 
Leptobryum pyriforme. 

Fic. 41. Cells of a rhizoid grown from a leaf inthe dark. X 130. 

Fic. 42. Continuation of the same filament after exposure to light show- 
ing a direct change to protonema. X 130. 

Fic. 43. Protonema grown from a leaf axil, showing the formation of 
conidia-like cells by the lateral branches. X 130. 

Fic. 44. Two of the separated protonema cells. X 220. 


Fic. 45. Germination of two of these cells. X 130. 





210 BOTANICAL GAZETTE [SEPTEMBER 


Fic. 46. Early stage in the formation of an axillary brood-body. xX 130. 

FiG. 47. Mature brood-body with its stalk. xX . 130. 

Fic. 48. Protonema grown from the stem, and showing two _ lateral 
branches often coming from a single cell of the main axis. X 53. 

FIG. 49. Protonema with a brood-body, similar to those produced in the 
leaf axil. X 130. 

Phascum cuspidatum. 

Fic. 50. Leaf showing origin of protonemata and the formation of a new 
leafy shoot. X 27. 

FiG. 51. Cross section of a leaf showing the origin of a protonema from 
a cell of the ventral surface. X 220. 

F1G. 52. Portion of a protonema with a bud. (d@) Cells just above the 
costa. X 220. 

Fissidens bryoides. 

Fic. 53. Bud grown from the leaf axil of a defoliated stem without the 

intervention of a protonema. X 220. 


Fic. 54. Rhizoid grown from a defoliated stem in the dark with perpen- 


dicular cross-walls produced by intercallary growth. X 130. 
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BRIEFER ARTICLES. 


THE SOUTHERN MAIDENHAIR FERN IN THE BLACK 
HILLS OF SOUTH DAKOTA. 

SPECIMENS Of Adiantum capillus-venerts L., said to have grown wild 
at Cascade, in the Black Hills of South Dakota, were sent to me by 
Mrs. Alice M. Crary a couple of months ago. Yesterday, in company 
with Dr. Frederic E. Clements, I visited the locality and found the 
ferns growing in great abundance along the banks of a stream of warm 
water which issues from several very large springs. ‘The banks of this 
stream, for nearly a mile, are lined with the ferns of all sizes and ages, 
from those just issuing from the gametophytes (which were abundant) 
to fruiting specimens 4o to 50™ high. A thorough examination con- 
vinced us that it is indigenous along this warm stream, and that it has 
not been introduced by human agency.— CHARLEs E. Bessey, Zhe 
University of Nebraska, August 25, 1898. 


BACTERIAL CONTENT OF HAILSTONES. 


BuJWib* seems to have been the first investigator to make a bac- 
teriological examination of hailstones. The stones examined by him 
fell during a storm at Warschau, on May 4, 1888. He washed them 
carefully in sterilized water, then broke them into small pieces, put 
them into a sterilized test tube, and made plates from the water 
obtained from melting. In 1° of this water he found 21,000 bacteria, 
and from these he isolated the following species: 2. fluorescens ligue- 
faciens, B. fluorescens putridus, and B. janthinus (Zopf). He was of the 
opinion that surface water had been carried into the air by the storm 
and frozen, and that this fact accounted for the large number of germs 
found in the hail. 

Foutin® also examined hail by bacteriological methods in 1888. 
The storm occurred at St. Petersburg, and the stones were about the 


*Buywib, O.: Die Bakterien in Hagelkérner. Centralbl. fiir Bakt. 3:1. 1888. 


? Fourin, W. M.: Die Bakteriologische Untersuchungen von Hagel. Wratsch. 
1889, nos. 49, 50. Quoted from an abstract in the Centralbl. fiir Bakt. 7: 372. 1890. 
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size of a walnut, and fell with sufficient force to break windows. The 
stones were carefully washed, melted, and plates made from the water. 
The number found was 628 to 729 bacteria per 1%. Only bacteria 
were discovered, and neither fungi nor yeasts were noticed. He 
described the morphology and cultural characteristics of two cocci, 
and two bacilli; of these one coccus was pathogenic in large doses to 
rats. 

On July 15, 1897, a violent hailstorm swept over Guelph, and hail 
fell heavily for about fifteen minutes, with such force as to break many 
panes of glass in the greenhouses. The stones averaged 20” in 
diameter, and looked like round bullets made in a badly fitting 
mould, with a projecting rim around the center. A number of these 
were taken to the laboratory, washed in mercuric chloride (1 to 500), 
rinsed several times in sterilized cold water, and each stone thus 
treated was dropped into a tube of melted nutrient gelatine, thoroughly 
shaken, and plates then poured in the usual manner. Four days after 
the plates were counted by the aid of Pakes’ apparatus; the quantita- 
tive results were as follows : 


12 per hailstone, all bacteria. 


ae i ‘i es 
Be. 7 RS a few molds present. 
2 alae di er = * 
352" ee nearly all molds. 
368 “« - a few molds. 
608“ u mostly molds. 
704 ** us a few molds. 
1250°~* oe ian awe’ 
1440 “ ee sy os 
2880 ‘ as a “ 
3680 “ i a 


11464: an average of 955 per hailstone. 


These numbers err on the small side, as a portion of the hailstone 
was lost in the cleansing process. All the bacteria and a number of 
the moulds were isolated, and their cultural characteristics noted. 
Among those present were Pentcillum glaucum, Mucor sp., Aspergillus 
sp., B. fluorescens liguefaciens, B. fluorescens non-liquefaciens, a protean 
form similar to Proteus vulgaris (Hauser), and one other germ subse- 
quently described. No micrococci were found. 


On July 30 another hailstorm occurred more violent than the 
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former, but of shorter duration. ‘Twenty hailstones were accurately 
measured, the largest being 25"" in diameter and 18"" thick, the 
smallest 15"" by 


7". The average of the twenty was 19"" by 15"". 
They were more spherical than those examined on the previous occa- 
sion. ‘They were treated as previously outlined, but all were placed in 
a sterilized test tube, and slowly melted. Fifteen plates were made 
from gelatine, containing varying amounts of the hailstone water. 
The average number of bacteria and spores of moulds counted was 
1125 perc.c. The number of moulds present was far smaller than 
before. Three bacilli and two cocci were isolated. &. fluorescens 
liquefaciens, and B. fluorescens non-liquefaciens were again present. 

It is worthy of note that these fluorescing germs were present on 
both occasions, and, further, Bujwid also found two of this class 
present. ‘The repeated presence of these micro-organisms lends addi- 
tional support to Bujwid’s surmise that surface water is carried up by 
the storm and congealed. The presence of so many moulds in the 
hail was probably due to contamination from the air, which at that 
time (July) contained numerous species. 

Of the remaining germs found, one closely resembles Sarcina alba 
Zimmermann, but does not liquefy gelatine even after two weeks 
growth. Another appears to be closely allied to Bacillus candtcans 
Frankland, but differs in its growth on potato and in milk. ‘Two 
micro-organisms found do not conform to any published description 
in the literature at my disposal, and unless any other worker recog- 
nizes them as already described species, I would suggest that the 
bacillus be called B. flavus grandinis, and the coccus AZ. melleus 
grandints. 

BACILLUS FLAVUS grandinis.—Found in hailstones : a large bacillus, 
with rounded ends, occurring singly and in pairs; 1X 3m, varying 
according to the media, longer when growing in bouillon ; non-motile: 
no spore formation observed: grows readily at 20°C., sparingly at 
37 C.: aerobic, will not grow in hydrogen (Novy’s method): does not 
liquefy gelatine : yellow (flavus)*: stains readily with all the anilines: 
in gelatine plate culture the surface colony is about 3"" in diameter, 
waxy, bright yellow, and appears coarsely granular with a low power ; 
the submerged colony is perfectly round with sharp edges, and very 
coarsely granular: in gelatine stick culture, after four days’ growth, 
the line of puncture appears cloudy, and a pale lemon growth spreads 


3SAcCARDO, P. A.: Chromotaxia seu nomenclator colorum. 1894. 
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over the entire surface: in agar streak culture there is abundant 
massive growth, glistening and faintly tinged with yellow: milk is 
coagulated on the fifth day, the curd solid with a yellowish cast, and 
per cent. of acidity 0.8: on potato a dry, beady, raised and dirty 
yellow growth: in fermentation tube no gas is produced in glucose 
bouillon, growth only in the open arm of the tube: grows well in 
Uschinsky’s media, a ring of yellow color being deposited around the 
upper part of the tube: bouillon becomes slightly turbid, with thick 
zoogloea. 

Micrococcus MELLEUS grandinis.— Found in hailstones: a coccus, 
occurring singly, about 1fin diameter: non-motile: no spore forma- 
tion observed: grows well at 20°C., feebly at 37°C.: aerobic: will not 
grow in hydrogen (Novy’s method): does not liquefy gelatine: yellow 
(melleus)*: stains readily with all the anilines: in gelatine plate cultures 
the surface colony small, about 1" in diameter, with an irregular 
margin, the outer portion a darker yellow than the center, granular ; 
the submerged colony round, edges irregularly indented, contents 
granular: in gelatine stick culture a thin feather-like growth along 
the line of puncture, growth spreading irregularly on the surface, 
amber colored: in agar streak culture grows abundantly as a raised, 
glistening, and amber yellow-colored growth: when touched with a 
needle the growth adheres and can be drawn out in a long string: 
milk is not coagulated, and there is no acidity: on potato a dry 
raised growth, bright amber color, growth slow: in fermentation tube 
no gas is produced, and growth is only in the open arm of the tube: 
grows slowly in Uschinsky’s media, a zoogloea of a pale yellow color 
being formed: in bouillon a slimy mass is formed that settles to the 
bottom of the tube.— F. C. Harrison, Guelph, Ontario. 
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CURRENT LITERATURE. 
BOOK REVIEWS. 


Experimental physiology. 

THE study of plant physiology is becoming more common, and is destined 
to occupy an important place in instruction both in colleges and secondary 
schools. One of the factors in the increasing attention given to this subject, 
was the publication a little more than ten years ago of the first edition of 
Detmer’s Pflanzenphysiologisches Praktikum. Many teachers have relied 
upon this as the basis of a course of experiments. Darwin and Acton’s book 
followed and gave many useful suggestions. When, a few years ago, 
MacDougal translated Oels’s little book and later published a similar one as 
an independent guide for the simpler laboratory experiments, the secondary 
schools began to feel the impetus to this sort of instruction. 

In 1895 a second edition of Detmer’s Praktikum appeared, almost com- 
pletely rewritten and much improved. This second edition has now been 
translated into English by Principal S. A. Moor, of Girasia College, India, 
formerly lecturer on botany in the University College of Wales... The book 
in its German form is so well known to teachers that there is nothing to say 
of it in its new form, except that the translation is unusually faithful and 
smooth, and that the publishers have given it a worthy dress but for the 
flimsy binding. ‘To announce the appearance of the English edition will be 
enough to put it into the hands of every teacher of plant physiology who is 
conducting laboratory courses. The chief regret is that the translation has 
been so slow in making its appearance that it is somewhat out of date. Never- 
theless, it will be very useful for students in those classes which make a 
serious study of the subject as a preparation for research. Of course it must 
be used with judicious omissions, and it will need to be supplemented by such 
new light as has been obtained since the middle of 1894. The book is con- 
spicuously weak in the section on the molecular forces in plants, which was 
by no means up to date at the time of the revision. But this and other 
weaknesses belong to the original, which has been before the public long 
enough to be thoroughly judged. It would have been, therefore, an accepta- 
ble service had the translator improved it, instead of giving us an exact 
reproduction.— C. R. B. 


*DETMER, W.— Practical plant physiology: an introduction to original research 
for students and teachers of natural science, medicine, agriculture, and forestry. 
Translated from the second German edition by S. A. Moor. 8vo. pp. xx + 555. figs. 
184. London: Swan Sonnenschein & Co. New York: The Macmillan Co. $3. 
1898] 21 
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The Bonn text-book. 


WE have scarcely noticed the appearance of the translation of the second 
German edition of the Bonn text-book before the third edition is received.? 
Few books have won for themselves such instantaneous and universal appro- 
bation. This welcome, the authors feel, has put them under obligation to 
maintain the work abreast of the progress of botanical science. Yielding to 
the frequently expressed wish for references to the most important literature, 
they have included such in this edition. The references are brought together 
at the close of the volume, exceeding a thousand in number, as we estimate. 
This is a valuable addition. 

The other improvements, besides some changes in the text of minor 
importance, consist in the replacing of many of the older illustrations by new 
ones, and the increase in the number of the colored figures to more than 
double that in previous editions. ‘They now include illustrations not only of 
the poisonous plants but also the most important official plants of the phar- 
macopeeia. The utility of these figures to foreigners is small, and doubtful, 
we think, even for medical and pharmacy students of Germany.—C. R. B. 


Van Tieghem’s ‘‘Elements de Botanique.’’ 
° 


THE appearance of a third edition? of this work is sufficient evidence of 
its usefulness. The first volume (pp. 559, with 235 illustrations) deals with 
general botany; the second (pp. 612, with 345 illustrations) with special 
botany. The first volume follows practically the same outline as in the pre- 
ceding edition, merely making such additions and corrections as were neces- 
sitated by recent research. No acknowledgments are made either for the 
figures or results of other investigators. While this might escape criticism in 
the case of familiar figures and statements which have been in common use 
for twenty years, it would seem no more than just to give credit for recent 
discoveries. For example, at least an ‘after Webber” might have been put 
under Webber's figures of the development of spermatozoids in Zamia. 
Anatomical questions, as in all of Van Tieghem’s works are treated in a 
masterly manner. Morphology and physiology are intimately associated ; 
for instance, the physiology of the root, stem, or leaf immediately follows the 
morphology of the organ. 

The second volume, dealing with special botany, has undergone a decided 
revision. Instead of recognizing six orders of fungi, the Uredineze and 

?STRASBURGER, NOLL, SCHENCK and SCHIMPER.— Lehrbuch der Botanik fiir 
Hochschulen. Dritte verbesserte Auflage. 8vo. pp. viii +570. figs. 617, in part 
colored. Jena: Gustav Fischer. 1898. JAZ. 8.50. 


3VAN TIEGHEM, PH.: Eléments de Botanique. 
augmentée. Paris: Masson et Ci*, 1898. 


Troisiéme Edition, revue et 
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Ustilaginewe have been included under the Basidiomycetes. In the alge, 
bryophytes, and pteridophytes the classification remains unchanged, so far 
as orders and arrangement are concerned. The name «Is/igmatées appears 
as a synonym for gymnosperms, and Stigmatcées for angiosperms. Sweeping 
changes have been made in the classification of angiosperms. The mono- 
cotyls have been divided into four orders, Cyperinées, Joncinées, Liliinées, 
and Iridinées ; but the Graminées, which previously headed the list of mono- 
cotyls, are put with the Nymphéinées in a class intermediate between 
monocotyls and dicotyls, and of equal rank. The Graminées seem to have 
been taken from the monocotyls on the ground that they have two 
cotyledons. 

The previous classification of dicotyls was into Apetale, Dialypetalie, 
and Gamopetale, each being subdivided into hypogynous and epigynous 
forms. ‘The present classification is radically different, and here, too, many 
will hardly admit that there has been an improvement. The dicotyls are 
divided into two subclasses, the /vseminées and Seminées. The Inseminées 
include five orders: Inovulées or Loranthinées, Innucellées or Santalinées, 
Integminées or Anthobolinées, Unitegminées or Icacinées, and Bitegminées 
or Heistérinées. The second subclass contains two orders: Unitegminées, 
a series beginning with the Salicinées and ending with the Compositales ; and 
Bitegminées, a series beginning with the Piperinées and ending with the 
Cucurbitinées. The book closes with a chapter on plant distribution. 
CHAS. |]. CHAMBERLAIN, 


Medical botany. 


STUDENTS of medicine and especially of pharmacy are required to have 
knowledge of a very large number of plants, widely distributed both in a 
taxonomic and in a geographic sense. In no other field of botany, perhaps, 
is the existing condition of things less satisfactory as regards really good text- 
books than in pharmacy. The reason for this state of affairs seems to lie in 
the nature of the subject. To a degree probably nowhere else observed, the 
subject-matter to be presented consists of unrelated facts, and the student, 
without aid from any guiding thread of reasonableness, is expected to make 
himself master of these facts. Asa result the work easily becomes tedious 
and mechanical. In order that as many details as possible may be retained 
in memory, a frequent repetition of the most important things becomes well 
nigh a necessity. For these reasons a book which presents these facts in a 
brief, pithy stvle must find large appreciation and use. M. L. Trabut has 
made an attempt to condense into a small volume?# not only the necessary 

4TRABUT, L.—Précis de botanique médicale. Deuxitme edition. 12mo. pp. 


739. figs. 954. Paris: Masson & Cie. 1898. 
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information concerning plants furnishing drugs, but has extended the scope 
of the work to plants useful in furnishing food; to those having poisonous 
properties ; and to those causing diseases. In order to make a place for one 
hundred and twenty-five pages dealing with the bacteriology of pathogenic 
forms, condensation has been carried to a great length. The interpretation 
by which the author has been led to this method of balancing his subjects 
seems rather extreme. An abundance of text-cuts, good in the main, adds 
value to the substance presented.._RODNEY H. TRUE. 


MINOR NOTICES. 

PROFESSOR A. S. Hircucock has a paper in the .l/onde des Plantes on 
the Onagracew of Kansas. The geographical distribution is illustrated by 
states in the United States and by counties in Kansas, by the use of diagram- 
matic maps. His Vlora of Kansas is in course of publication in the /adustri- 
alist, It consists entirely of these diagrams, sixty-five to a page. It is 
remarkable how thoroughly these present the facts of distribution. Kansas, 
on account of the great regularity of its outline and the equality of its almost 
rectangular counties is unusually well adapted to the use of such maps. 
Ro. 

A LIST OF MOSSES of New Brunswick, compiled by John Moser and edited 
by G. U. Hay, is reprinted from Aud/etin 16, 1898, of the Natural History 
Society of New Brunswick, pp. 23-31. The editor has allowed an unfor- 
tunate designation of 7. sf. to stand after those species recently described by 
Kindberg, which may mislead some. It is customary to use such a sign only 
in the original place of publication.—C. R. B. 


CHICORY GROWING, as an addition to the resources of the American 
farmer, is advocated, guardedly, by Maurice Kains in bulletin 1g of the 
Division of Botany, U. S. Department of Agriculture. Last year more than 


17,000,000 pounds of this root were imported.—C. R. B. 


Dr. J. C. ARTHUR read a paper before the last meeting of the American 
Carnation Society, showing the important relations of moisture to the plant 
and advocating the sole use of the subirrigation method of watering carna- 
tions indoors.— C. R. B. 


IN A RECENT bulletin’ of the North Carolina Geological Survey Mr. 
Pinchot gives brief descriptions of the trees of North Carolina, with particu- 
lar attention ‘to the local distribution of the economic species. Excellent 
maps, showing botanical and commercial distribution within the state and 
good illustrations enhance the value of the descriptions. 


5 PINCHOT, GIFFORD, and ASHE, W.W.—The timber trees and forests of North 
Carolina. Bulletin no. 6, North Carolina Geological Survey, Raleigh. 
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Mr. Ashe’s share of the bulletin is a careful description of the forest 
regions of the state, in which he makes the reader familiar with the practical 
aspects of his subject, dealing especially with the present condition of the 
great pine region, and the results of injudicious cutting, turpentine orchard- 
ing, pasturing, and fires. 

The bulletin is not only of permanent value for the facts it contains, but 
is rich in suggestion, for the reader can hardly fail to approach a study of the 
forest problem in a more rational way after he has read these notable articles. 

CHARLES A. KEFFER. 


NOTES FOR STUDENTS. 

Mr. WALTER HouGH® discusses ‘‘ The environmental interrelations in 
Arizona”’ from the standpoint of an ethno-botanist. From this point of view, 
of course, the ‘interrelations”’ are chiefly those existing between the Arizona 
flora and the tribes of Arizona Indians, such as the Hopi, the iioki, and the 
Tufi Indians. But Mr. Hough discusses in some detail the extremely xero- 
phytic nature of the Arizona flora, analyzing, not very technically, its ecolog- 
ical features, showing that the flora of which the Indians could make use was 
a meager one, of extreme type and embracing some 160 indigenous species, 
nearly every one of which has been brought into use as a food or forage 


plant, as medicinal, in folk lore and religion, in domestic or other usage. 


Probably no other flora is so rich in descriptive folk names, and this fact 
bespeaks the very close “ interrelations” existing. Among the Hopi Indians 
over 35 per cent. of the species of plants is made use of in medicine, folk 
lore, and religion, and it seems that the use of plants for food, house-build- 
ing, and such practical purposes is of less importance. In this arid region 
tribe and flora are brought into very close relation, both being dependent 
upon the same meager water supply; and the very characters selected by 
plants as protective against the rigors of environment are often those most 
useful to the tribes in furnishing medicines or charms of real or inferential 
value. 

A valuable part of Mr. Hough’s contribution is the complete list of 
species, including about 173 species, with the descriptive names given by the 
Hopi Indians, and the part each species plays in relation to the tribe.—W. 
L. BRAY. 


THREE CASES of abnormal development of the inferior ovary in species 
of Opuntia are described and illustrated with colored plates by Dr. Ramirez, 
of Mexico.? In the first a fruit, otherwise normal, appears as the terminal 

° Amer. Anthropologist 11: 133-155. 1898. 


7'Tres monstruosidades en ovarios inferos. Annales del Instituto Medico Nacio- 
nal 3: 223-227. [Lam. V-VII] Ja., F. 1898. 
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third of a cladodium, the one being a direct continuation of the other without 
constriction or articulation. The second case is of a fruit formed within the 
upper portion of a cladodium and swelling the otherwise flat branch as if the 
ovary had been forced into it from above. The third anomaly is of a fruit 
bearing on its sides thirteen smaller fruits, all apparently normal. Dr. 
Ramirez discusses their morphological significance and concludes that all 
three cases strongly support the view that the inferior ovary of the Cactacee 
is axile in nature.—FREDERICK LEROY SARGENT. 

BELAJEFF’S recent paper® on the reduction division of the plant nucleus 
is quite a surprise. Haecker intimated in 1895 that the figures of Strasbur- 
ger and Guignard might indicate a reduction division in plants, but the 
efforts of botanists, especially of Miss Sargant, have given only negative evi- 
dence. The zoologist Ishikawa, who studied pollen mother cells of ///1m 
fistulosum, gives the only report of a reduction division in plants. Strasburger 
and Mottier described such a division in pollen mother cells of Lilium and 
Podophyllum, but almost immediately acknowledged that the work needed 
reinvestigation. Belajeff now comes forward with a genuine reduction divi- 
sion (in the sense of the Freiburg school) in the second division of the pollen 
mother cells of Iris. For evidence he relies upon the shape of the chromo- 
somes, and gives figures illustrating the shape taken by chromosomes in vege- 
tative division, heterotype division, and his reduction division. He claims 
that previous investigators have not been able to interpret properly this divi- 
sion on account of vague conceptions of division in vegetative cells. Follow- 
ing Haecker’s scheme his formule are as follows. For the vegetative 
div ision : 

a b c d é ra ete. 
a b ri a é A etc. 

In the heterotype division the chromosomes are united in pairs with the 

following formula: 


a+ 4b c +d e + f etc. 
Their division leads to the formation of daughter nuclei with the seg- 
ments: 
a+ 6 c +a e + f etc. 
a+ 6 c +d e + f etc. 


The second division in the pollen mother cells leads to the separation of 
the halves of the segments: 


a c e etc. 
b d iz etc. 


Whether the grouping of the segments is accidental or determined must 


remain unanswered. At any rate, the chromosomes of the nuclei resulting 


® Ber. der deutsch, Bot. Gesells. 16 27-34. 18098. 
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from the reducing division are not identical, a fact which may help explain 
the difference between descendants of the same parents. CHaAs. J. CHAM- 
BERLAIN. 


ONE OF THE MOST common requests made of a botanist is to give some 
simple rule by which edible and poisonous fungi may be distinguished. The 
Department of Agriculture has done great service in publishing a bulletin 
upon the subject, to which botanists may refer their correspondents, and it 
could not have done a wiser thing than to secure Dr. W.G. Farlow to pre- 
pare it. The account is very simple and effective and is designed to be a 
sort of primer for the beginner who does not know fungi, but who wants to 
eat them. ‘The following rules are given for the beginner : 

1. Avoid fungi when in the button or unexpanded stage; also those in 
which the flesh has begun to decay, even if only slightly. 

2. Avoid all fungi which have stalks with a swollen base surrounded by 
a sac-like envelope, especially if the gills are white. 

3. Avoid fungi having a milky juice, unless the milk is reddish. 

}. Avoid fungi in which the cap, or pileus, is thin in proportion to the 
gills, and in which the gills are nearly all of equal length, especially if the 
pileus is bright colored. 

5. Avoid all tube-bearing fungi in which the flesh changes color when cut 
or broken, or where the mouths of the tubes are reddish, and in the case of 
other tube-bearing forms experiment with caution. 

6. Fungi which have a sort of spider web or flocculent ring around the 


upper part of the stalk should in general be avoided._-J. M. C. 


FL. TAssi, of the University of Siena, has been investigating the anatomy 
and morphology of the Proteacew, using Stenocarpus sinuatus Endl. as a 
type. The results are published in a bulletin of the laboratory, with thirteen 
plates, more or less colored. The many interesting anatomical peculiarities 
of the group are plainly set forth in detail. The morphological features 
seem much as usual, at least so far as they relate to the development of the 


microspores and megaspores, and their germination. i ae &. 


MaARcuS HARTOG? has suggested recently that the function of chromatin 
in nuclear division may be a mechanical one, and that linin may be the 
important substance. ‘ The splitting of a viscid thread is one of the most 
difficult mechanical feats to accomplish. Suppose, then, that there is a certain 
polarity about the granules of chromatin, through which, after their division, 
they tend to recede from their fellows as far as possible ; through this they will 
determine a splitting of the filament on which they are strung. The close of 
nuclear division sees their task accomplished ; and, as we should expect, the 
chromatic granules, having fulfilled this appointed task, now atrophy, and 


* Natural Science 133119. 1898. 
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remain in this state till the approach of a new cell-division determines a 
fresh growth of their substance. According to this view the linin is the 
transmitter of inherited properties, and the chromatin has a purely mechan- 
ical function in karyokinesis.”—J. M. C. 

ITEMS OF TAXONOMIC INTEREST are as follows: In his treatment of 
the Umbelliferae (Engler and Prantl Nat. Pflanzenfam.) Drude proposes the 
new genus 7wnidia, based upon Pimpinella integerrima Gray (3° : 195), 
and reduces Beriz/a to a subgenus under Szum (3° : 195).—W. P. Hiern has 
described (Jour. Bot. 36 : 289-291. 1898) two new genera of Composit from 
Welwitsch’s African collection: Pseudotrichia, an asteroid form; and 
Adenogonum, a genus which does not accord with any of the recognized 
tribes, but is thought to be an aberrant senecioid form.— James Britten (/oz7. 
Bot. 36 : 297-302) has been examining the types, mostly in the Banksian her- 
barium, of plants described in Smith’s “History of the rarer lepidopterous 
insects of Georgia”’ (1797), and publishes his conclusions in reference to six 
species, which have considerable bearing upon their synonymy.— The u//e- 
in of Miscellaneous Information, issued by the Royal Botanic Gardens of 
Trinidad, continues its publication of the pteridophytes of the British West 
Indies and Guiana. ‘The current one (no. 15) presents the genera Alsophila 
(14 spp.), Hemetelia (15 spp.), and Cyathea (25 spp.).— Thomas H. Kearney 
has published (Bulletin 11, Division of Agrostology) a revision of the North 
American species of Calamagrostis, recognizing thirty-eight species north of 
Mexico, eleven of which are new. ‘The revision also contains a very inter- 
esting section upon the ecology of the group.—In the same bulletin F. Lam- 
son-Scribner describes and illustrates, with seventeen plates, twenty-eight 
new species of grasses. New species are added to Elymus (5), Poa (5), Pani- 
cum (4), Sporobolus (3), Stipa (3), Agropyron (2), and six other genera.— 
George V. Nash has published (Bu//. Torr. Bot. Cith 25 : 432-450. 1898) a 
revision of Chloris and Eustachys in North America. Although often united 
as two sections of a single genus, the author regards them as worthy of gen- 
eric separation. Ten species of Chloris are recognized, two of which are 
new, and four species of Eustachys.— E. O. Wooton continues (udé/. Torr. 


Bot. Club 25 : 451-459. 1898) his descriptions of miscellaneous new plants 


from New Mexico, the last fascicle adding species to ten genera.—J. M. C. 











NEWS. 


Dk. GEORG KARSTEN, privatdocent in the University of Kiel, has been 


promoted to an associate professorship. 


Dr. GEORG KLERs, professor of botany and director of the botanic gar- 
dens at the University of Basel, has been appointed to the same position in 
the University of Halle. 


Dr. HENRY C. COWLES, in charge of plant ecology at the University of 
Chicago, has had a field class of twelve at work for six weeks on North 
Manitou island, Lake Michigan. 


THE FIRST number of the new volume of the J/zzzesota Botanical Studies 
appears in a new dress of very handsome type. This makes it one of the 


best printed of botanical publications. 


Mr. A. A. HELLER has resigned his position at the University of Minne- 
sota, to give all his time to collecting. Correspondence in reference to the 


Exchange Bureau should be directed to Professor Conway Macmillan. 


THE DEATH is announced of Dr, Anton Kerner, Ritter von Marilaun, 
professor of systematic botany and director of the botanical gardens and 
museum of the University of Vienna. He is best known as the author of 
Pflanzenleben, of which a second edition is now in course of publication, 
The first edition was recently translated into English and published as 7%e 
Natural History of Plants. 


PROFESSOR FERDINAND COHN, director of the institute for plant physi- 
ology of the University of Breslau, died on June 25 of heart disease, at the 
age of 70. He has been professor of botany at Breslau for almost forty 
years. His series of popular lectures, issued under the title Die Pflanze, 
went through several editions and were models of accurate and elegant pre- 
sentation. He was editor of the series of monographs entitled Pettrage sur 
Biologie der Pflanzen, which came to a close a few years ago. 


PROFESSOR DR. SIMON SCHWENDENER, director of the botanical institute 
of the University of Berlin, has been made a knight of the order Pour Ze 
merite, in the class of science and art. ‘This order was founded by Fred- 
erick the Great, as a mark of distinction for military service, but the statutes 
were revised in 1842 by Frederick William IV to include scientific men and 
artists of distinction. The latter class is limited to thirty Germans and the 
same number of foreigners. The order is practically conferred by vote of 
the members. Schwendener is the only botanist thus honored. 
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Dr. E. LEWIS STURTEVANT died at his home in Framingham, Mass., 
on the 30th of July, at the age of 56. While not a professional botanist, 
he was a special student of plant variation under cultivation, and was thor- 
oughly informed of the bearing of botany upon agriculture. He accumulated 
one of the finest collections of prelinnean books in existence, and donated 
this, a few years ago, together with his notes on the genus Capsicum, to the 
Missouri Botanical Garden. The study of this genus, for which he stipulated, 


was published in the last report of the garden, shortly before his death. 


HERBERT Lyon JONES, professor of biology in Oberlin College, died at 
his father’s home in Granville, Ohio, Saturday, August 27, 1898, after an 
illness lasting for two months. Professor Jones was born in Granville 
February 11, 1866. He graduated from Denison University in 1886, and 
followed this with a year of special study at his ala mater. His graduate 
work was taken at Harvard University, where he was highly esteemed in his 
department. He taught for several years in Radcliffe College, until about a 


year ago, when he was chosen to the chair in Oberlin. He was a man of 


sterling character, who worked diligently in his profession and gave promise 


of an exceedingly useful career. 
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